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EXECUTIVE SUMMARY 

This document presents the work pian for the Phase 111 Resource Conservation and Recovery Act (RCRA) 
Facility lnvestigation/Comprehensive Environmental Response, Compensation and Liability Act (CERCIA) 

Remedial investigation (RFI/RI), of the 881 Hillside Area [Operable Unit Number 1 (OU No l ) ]  at the Rocky 

Flats Plant An initial (Phase I) field program was completed during 1987, and a draft RI report was submitted 

to the U S Environmental Protection Agency (EPA) and the Cdorado Department of Health (CDH) in July, 1987 

(Rockwell International, 1987a) Based on results of that investigation, a second phase of field work was 

conducted at the 881 Hillside in the fall of 1987 A draft Phase II RI was submitted to EPA and CDH in March 

1988 (Rockwell International, 1988a), and in October 1988 the DOE recehred written comments on the draft 

Phase II RI This Phase 111 RFI/RI Work Plan presents site-specific plans for further field work to characterize 

contaminant sources and the extent of soils, surface water, and groundwater contamination Also included 

are plans for human health and environmental risk assessments and a RCRA Corrective Measures 

Study/CERCLA Feasibility Study (CMS/FS) This work plan is based on results presented m the draft RI 

reports as well as subsequent surface water and ground-water sampling and analysis 

A draft Phase 111 RFI/RI Work Plan was submitted to EPA and CDH in February 1990 (EG&G, 1990a), and a 

final Phase 111 Work Plan was submitted to EPA and CDH in October 1990 which incorporated EPA and CDH 

May 1990 comments on the draft plan (EG&G, 1990b) This February 1991 document is Revision 1 of the Final 

Phase 111 RFI/RI Work Plan and incorporates agency comments on the October 1990 submmal Although not 

required by the Interagency Agreement (IAG), Revision 1 was prepared so that final agency comments are 

reflected in a single document prior to implementation of the Phase 111 scope of work This better assures that 

the RFI/RI and CMS/FS are conducted in accordance with a plan to which all parties are in agreement It is 

noted that this plan has also been modified for reasons not associated with specrfic agencies' comments 

These changes have been made to "update" the plan with respect to the current understanding of the site, 

other operable unit study activities that impact OU No 1, and regulatory issues Major changes are as follows 

l 0 

0 Revised geological characterization based on the on-going site-wMe geological characterization 
program 

0 Addition of a concise slte conceptual model 

Discussion of all Rocky flats Plant treatability study programs 

Reference to a more extensive surface soil sampling program to assess the mobiltty of 

0 

e 

plutonium in the soil/water environment 

e Elaboration and modlfication to the discussion of applicable or relevant and appropriate 
requirements (ARARs) 
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Snes at the 881 Hillside Area were selected as High Priority Sites as a result of Plant-wMe characterization 

activities which showed elevated concentrations of volatile organic compounds in ground water upgradient 

from Woman Creek (DOE, 1987a) The Phase I and Phase I1 Rls indicated that the unconfined ground-water 

flow system is contaminated The most pronounced organic contarnination is in the eastern portion of the 881 

Hillside Area, with tetrachloroethene, trichloroethene, 1.1 dichloroethene, 1,l dichloroethane, 1,1,1- 

trichloroethane, 1,1,2-trichloroethane, and carbon tetrachloride reaching several thousand micrograms per liter 

in many samples Organic contamination in the western portion of the 881 HiilsMe area occurs at much lower 

concentrations Concentrations of metals and inorganics above estimated background levels are considered 

to represent possible contamination for the purposes of planning the Phase 111 RFI/RI The eastern portion of 

the study area showed the highest concentrations of inorganic constluents, with total dissolved solids of 

approximately 2000 milligrams per liter, and numerous occurrences of nickel, strontium, selenium, zinc, copper, 

and uranium above background in most wells Other metals exceeded background less frequently and by a 

smaller margin in this area and elsewhere at OU No 1 

Phase I and Phase II soils investigations indicated tetrachloroethene, trichloroethene, and 1 ,1 ,1-trichloroethane 

contamination in some soil samples In addition, toluene was detected in soil sample during the French Drain 

Geotechnical Investigation Prevalent occurrences of methylene chloride, acetone, and phthalates in soil 

samples have raised questions of laboratory contamination which prevent definllve conclusions about the 

actual presence of these contaminants in soils Plutonium and americium were detected above background 

in soil samples that include the ground surface Windblown radionuclide-bearing dust from the 903 Pad Area 

is the suspected source of these radionuclides Plans for additional characterization of waste sources and soils 
are described herein 

Tetrachloroethene and trichloroethene are the principal volatile organic compounds which have been detected 

in surface water samples from a few stations, although the concentrations and frequency of occurrence are 

low Low concentrations of methylene chlonde, acetone, and toluene in the surface water occur at many 

sampling stations The furthest downgradient surface water samples do not show organic contamination 

Numerous metals and other inorganic compounds were occasionally above background Gross alpha, gross 

beta, uranium, and plutonium exceeded background in many of the samples 

Proposed sampling and analysis for the RFI/RI, presented in Section 5 0, will support source characterization 

and better definition of the nature and extent of soil, ground-water, and surface water contamination Fifty-four 

boreholes will be drilled and twenty monitor wells will be installed for the purposes of source characterization 

An additional seventeen monltonng wells will be installed to determine the nature and extent of contamination, 

and to support hydraulic testing for better characterization and prediction of contaminant movement 
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Based on the Phase I and I I  results, an interim measures/interim remedial action (IM/IRA) is being implemented 

at OU No 1 The IM/IRA focuses on the collectlon of contaminated alluvial ground water, and treatment of 

the ground water to remove organic and inorganic contaminants 
a 

Surface soil scrapes, and soil samples for vertical profile analysis will be collected to better characterize the 

distribution of radionudides, and to complement an investigation of surface soils over an 800 acre area which 

is planned for Operable Unit No 2, east of the 881 Hillside Area Three new sediment sampling stations will 

be established to enable characterization of sediments that are more directly associated with the 881 Hillside 

than sediment samples analyzed in prewous investigations I 

A baseline risk assessment plan Is provided in Sections 4 1 6 and 6 0 The baseline risk assessment includes 

both a public health evaluation and environmental evaluation Section 4 1 6 focuses on the public health 

evaluation including contaminant identification, exposure assessment, toxicity assessment, and risk 

characterization This section also briefly discusses the environmental evaluation, however, the details are 

provided in Section 6 0, the Environmentai Evaluation Plan This plan was prepared to provide a framework 

for addressing environmental effects as a result of exposure to contaminants from the 881 Hillside Area The 

pian presents a three-stage approach for conducting the environmental evaluation The sequential approach 

adequately characterize the nature and extent of the environmental impacts resulting from contaminants at 881 

Hillslde 

I was designed to ensure that all procedures to be performed are appropriate, necessary, and sufficient to 

0 
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I 

0 
1 0  

INTRODUCTION 

This document presents the work plan for the Phase 111 Resource Conservation and Recovery Act (RCRA) 

Facility Investigation/Comprehensive Environmental Response, Compensation Liability Act (CERCIA) Remedial 

Investigation (RFI/RI) of the 881 Hillside Area [Operable Unit No 1 (OU No l)] at the Rocky Flats Plant it 

addresses characterization of contaminant sources as well as the nature and extent of contamination in soils, 

ground water, and surface water The work plan also presents the tasks that must be completed in the 

performance of the RCRA Corrective Measure StudyjCERCLA Feaslbility Study (CMS/FS) 

This investigation is part of a comprehensive, phased program of site characterization, remedial investigations, 

feasibility studies, and remedial/corrective actions currently in progress at the Rocky Flats Plant These 

investigations are pursuant to the U S Department of Energy (DOE) Environmental Restoration (ER) Program 

[formerly known as the Comprehensive Environmental Assessment and Response Program (CEARP)] , a 

Compliance Agreement W e e n  DOE, the U S Environmental Protection Agency (EPA) and the State of 

Colorado Department of Health (CDH) dated July 31,1986, and the Federal Facility Agreement and Consent 

Order (FFACO) [known as the Inter-Agency Agreement (IAG)] The program developed by DOE, EPA, and 

CDH in response to the agreements addresses RCRA and CERCIA issues and has been integrated with the 

ER Program In accordance with the iAG, the CERCLA terms "Remedial Investigation" and "Feasibility Study" 

in this document are considered equivalent to the RCRA terms 'RCRA Facility Investigation" and "Corrective 

Measures Study" 

1 1 ENVIRONMENTAL RESTORATION PROGRAM 

The ER Program is designed to investigate and clean up contaminated sites at DOE faciilttes The ER Program 

is being implemented in five phases Phase 1 (Installation Assessment) includes preliminary assessments and 

site inspections to assess potential environmental concerns Phase 2 (Remedial Investigations) includes 

planning and implementation of sampling programs to delineate the magnitude and extent of contamination 

at specrfic snes and to evaluate potential contaminant migration pathways Phase 3 (Feasibility Studies) 

evaluates remedial alternatives and develops remedial action plans to mltigate environmental problems 

ldentrfied as needing correction in Phase 2 Phase 4 (Remedial Design/Remedial Action) includes design and 

implementation of site-specific remedial actions selected on the basis of Phase 3 feasibility studies Phase 5 

(Compliance and Verification) implements monitoring and performance assessments of remedial actions, and 

verrfies and documents the adequacy of remedial actions carried out under Phase 4 Phase 1 has already 
been completed at Rocky flats Plant (DOE, 1986), and Phases 2, 3, and 4 are currently in progress for 
OUNo 1 
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Phase 2 actlvities at OU No 1 Include a Phase I and a Phase II RI An initial (Phase I) field program was 

completed at the 881 HHlsMe Area in 1987, and a draft Phase I RI report was submitted to EPA and CDH in 

July 1987 (Rockwell International, 1987a) Based on results of that investigation, a second phase of field work 

was conducted at the 881 Hillslde in the fall of 1987 A draft Phase II RI was submitted to EPA and CDH in 

March 1988 (Rockwell Internatlonal, 1988a), and in October 1988 the DOE received written comments on the 

draft Phase II RI A draft Phase 111 RFI/RI Work Plan was submitted to EPA and CDH in February 1990 (EG&G, 

199Oa), and a final Phase 111 Work Plan was submitted to EPA and CDH in October 1990 which incorporated 

EPA and CDH May 1990 comments on the draft plan (EG&G, 199Ob) This February 1991 document is 

Revision 1 of the Final Phase 111 RFI/Ri Work Plan and incorporates agency comments on the October 1990 

submittal Although not required by the Interagency Agreement (IAG), Revision 1 was prepared so that final 

agency comments are reflected in a single document prior to Implementation of the Phase 111 scope of work 

This better assures that the RFI/RI and CMS/FS are conducted in accordance with a plan to which all parties 

are in agreement It Is noted that this plan has also been modified for reasons not associated with specific 

agencies' comments These changes have been made to 'update' the plan with respect to the current 

understanding of the site, other operable unit study actlvlties that impact OU No 1, and regulatory issues 
Major changes are as fdlows 

e Revised geological characterization based on the ongoing site-wide geological characterization 
program 

Addttion of a concise site conceptual model 

e Discussion of all Rocky Flats Plant treatability study programs 

Reference to a more extensive surface soil sampling program to assess the mobillty of e 

plutonium in the soil/water environment 

e Elaboration and modification to the discussion of applicable or relevant and appropriate 
requirements (ARARs) 

ER Program Phase 3 acthnties at OU No 1 include submittal of a draft FS report to EPA and CDH in March 

1988 (Rockwell International, 1988b) This document was submitted with the draft Phase II RI report, and EPA 

comments on the Feasibility Study (FS) were received with the Phase II  RI comments Written responses to 

the March 1988 Ri/FS were prepared and forwarded to EPA in February 1989 (Rockwell International, 1989a) 

An Interim Measure/lnterim Remedial Action Plan (IM/IRAP) has also been developed to collect and treat 

contaminated alluvial ground water at OU No 1 (DOE, 199Oa) The plan was released for public comment 
during October and November 1989 and finalized in January 1990 Construction of the interim remedial action 

was started in January 1990 A final remedial action will be proposed based on Phase I, 11, and Ill 

investigations 
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1.2 WORK PLAN OVERVIEW 

This Phase 111 RFI/RI Work Plan for the 881 Hillslde Area presents results of the Phase I and Phase II Rls, 
e 

defines data quality objectives and data needs based on that investigation, specifies RI/FS tasks, and presents 

a Field Sampling Plan (FSP) This section (1 0 Introduction) presents site locations and descriptions, and 

Section 2 0  presents results of the previous Rls Included in Section 2 0  are Phase I and Phase II 

characterization results for site geology and hydrology as well as the nature and extent of contamination in 

soils, ground water, surface water, and sediments Section 3 0 discusses data quality objecthres for the Phase 

111 investigation Section 4 0 specifies RI/FS tasks to be performed, and Section 5 0 presents the FSP to meet 

Remedial Investigation/Feasibilky Study (RI/FS) objectives The Environmental Evaluation Work Plan (EEW) 

for OU No 1 is presented in Section 60, and the Applicable or Relevant and Appropriate Requirements 

(ARARs) are presented in Section 7 0  The proposed schedule for conducting the RFI/Ri is presented in 

Section 8 0 Written responses to EPA and CDH comments on the October 1990 Final Phase 111 RFI/RI Work 

Plan are presented in Attachment 1 0 

1 3 BACKGROUND AND PHYSICAL SElllNG 

1 3 1 Background 

The Rocky Flats Plant Is a government-owned, contractor-operated facility, which is part of the nationwide 
l 

nuclear weapons production complex The Plant was operated for the U S Atomic Energy Commission (AEC) 

from its inception in 1951 until the AEC was dissdved in January 1975 At that time, responsibility for the Plant 

was assigned to the Energy Research and Development Administration (ERDA), which was succeeded by the 

DOE in 1977 Dow Chemical U S A ,  an operating unlt of the Dow Chemical Company, was the prime 

operating contractor of the facility from 1951 until June 30, 1975 Rockwell International was the prime 

contractor responsible for operating the Rocky Flats Plant from July 1 , 1975, until December 31 , 1989 EG&G 

Rocky Flats, Inc became the prime contractor at the Rocky Flats Plant on January 1, 1990, and currently 

operates the Piant 

1 3 1 1 Plant Onem tiong 

The primary mission of the Rocky Flats Plant is to fabricate nuclear weapon components from plutonium, 

uranium, and other non-radioactwe metals (principally beryllium and stainless steel) Parts made at the Plant 

are shipped elsewhere for assembly in addltion, the Plant reprocesses components after they are removed 
from obsolete weapons for recovery of plutonium 

Final Phase 111 RFI/RI Work Plan - 881 Hillside Area 
Rocky Rats Plant Golden, Colorado 
eg&g\881 \ri-fs\final\soc-i mar 

Revision 1 8 March 1991 
Page 1 3 



Both radioactwe and nonradioactive wastes are generated in the production process Current waste handling 

practices involve on-site and off-site recyding of hazardous materials, on-site storage of hazardous and 

radioactive mixed wastes, and off-&e disposal of solid radioactive matenals at another DOE facility However, 
both storage and disposal of hazardous and radioactive wastes occurred on site in the past Preliminary 

assessments under the ER Program identified some of the past on-site storage and disposal locations as 

potential sources of environmental contamination 

1 3 1 2 Previous Invest iaationa 

Vanous studies have been conducted at the Rocky Flats Plant to characteme environmental media and to 

assess the extent of radiological and chemical contaminant releases to the environment The investigations 

performed pnor to 1986 are summarized in Rockwell International (1986a) and include 

Detailed descriptions of the regional ged y (Maide, 1955, Spencer, 1961, Scott, 1960, 1963, 
1970, 1972 and 1975, Van Horn, 1972 a 3  1976, DOE, 1980, Dames and Moore, 1981, and 
Robson, et al , 1981a and 1981 b) 

Several drilling programs beginning in 1960 that resulted in the construction of approximately 
60 monitor wells by 1982 

An investigation of surface and ground-water flow systems by the U S Geological Survey (Hurr, 
1976) 

Environmental, ecological, and public health studies which culminated in an environmental 
impact statement (DOE, 1980) 

A summary report on ground-water hydrology using data from 1960 to 1985 (Hydro-Search, 
Inc, 1985) 

A preliminary electromagnetic survey of the Plant perimeter (Hydro-Search, Inc , 1986) 

A soil gas survey of the Plant perimeter and buffer zone Vracer Research, Inc , 1986) 

Routine environmental monitoring programs addressing air, surface water, ground water, and 
soils (Rockwell International, 1975 through 1985, and 1986b) Additional information on routine 
environmental programs is also presented in post-1 986 annual environmental monitoring reports 
(Rockwell International, 1987b, 1989b, and EG&G, 1990~) I 

In 1986, two major investigations were completed at the Plant The first was the ER Program Phase 1 

installation assessment (DOE, 1986) which Included analyses and identification of current operational activities, 

actwe and inactive waste sites, current and past waste management practices, and potential environmental 

pathways through which contaminants could be transported A number of sites were identified that could 

potentially have adverse impacts on the environment These stes were designated as Sdid Waste 

Management Units (SWMUs) by Rockwell International (1987~) and were dtvided into three categories 
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1) Hazardous waste management units that will continue to operate and need a RCRA operating 
Permit 

2) Hazardous waste management units that will be dosed under RCRA interim status 

3) Inactive waste management units that will be investigated and cleaned up under Section 
W ( u )  of RCRA or CERCIA. 

The IAG redefines the SWMUs within the second and third categories as IndtvMual Hazardous Substance Sites 

(IHSSs) This term Is used hereinafter, however, no RCRA or CERCLA regulatory distinction in the use of the 

terms 'site", 'unit", or 'IHSS' is intended in this document 

The second major investigation completed at the Plant in 1986 involved a hydrogeologic and hydrochemical 

characterization of the entire Plant site Plans for this study were presented in Rockwell International (1986c 

and 1986d), and study results were reported in Rockwell International (19866) Investigation results indicated 

four areas to be significant contributors to environmental contamination, with each area containing several 

sites The areas are the 881 Hillsde Area, the 903 Pad Area, the Mound Area, and the East Trenches Area 

Sites at the 881 Hillside Area were selected as High Priority Sites because of the elevated concentrations of 

volatile organic compounds detected in the ground water, the relatlvely permeable soils, and the proximtty of 

the area to a surface water drainage RFI/RI activities to date at the 881 Hillside Area are discussed in more 
detail in Section 2 0 0 
Two other Piant-wide studies have been conducted since the Phase t i  Rf which affect further RFI/RI activities 

at OU No 1 The first, a draft Geologic Characterization Report for the Rocky Flats Plant (EG&G, 199Od) was 

completed in January 1990, based on reevaluation of log data and other geologic information This study 

supersedes all previous geologic investigations with the exception of Hun (1976) The second study of note 

was the draft Background Geochemical Charactemtion Report (EG&G, 199Oe) This revised report 

summarizes background data for ground water, surface water, sediments, and geologic materials and identifies 

preliminary statistical boundaries of background variabihty 

1 3 1 3 Current lnvestirrations and Studies 

OU No 1 is located between two other operable units where current studies are likely to provide data that will 

support the determination of the nature and extent of contamination at OU No 1 These operable untts are 

to the northeast, OU No 2 (903 Pad, Mound, and East Trenches Areas), and to the south OU No 5 (Woman 

Creek) The RFI/RI Phase I1 Work Plan for OU No 2 was conditonaiy approved by the regulatory agencies, 
and fieid investigations are scheduled to begin In the spring of 1991 The draft RFI/RI Report for OU No 2 

will be submitted in March 1993, well after the OU No 1 RFI/RI Report (draft report scheduled to be submitted 0 
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in July 1992) However, this will likely permit partial utilization of the OU No 2 findings for the OU No 1 e RFI/RI The OU No 5 RFI/RI Work Plan Is scheduled to be submltted to the regulatory agencies in April 1991, 

and the RFI/RI Report will be submltted In late 1993 This wlll also permit partial utilization of data collected 

for this OU 

In addition to these adjacent RFI/Rls, two Interim measures/interim remedial actions (IM/IRAs) for 

contaminated surface water at OU No 2 will be conducted during the course of the OU No 2 RFI/RI These 

IM/IRAs will provMe valuable data on the treatability fo water contaminated with organics and radionuclides 
which will support the detailed evaluation of alternatives for the OU No 1 CMS/FS There is also a site-wide 

routine sampling program being conducted at Rocky Flats Surface water stations around the Plant are being 

sampled monthly for site-wide characterization of surface waters 

Lastly, the IAG site-wide activities will augment the RFI/RI and CMS/FS for OU No 1 In particular, the slte- 

wide treatability studies will support the detealled evaluation of alternatives for the OU No 1 CMS/FS (see 

Section 4 1 7 for additional Information regarding treatability studies actlvities), and the Historical Release 
Report may provide additional Information on the nature of the wastes disposed at OU No 1 The draft 

Historical Release Report Is scheduled to be submitted to the regulatory agencies In January 1992 

The Rocky flats Plant is located in northern Jefferson County, Colorado, approximately 16 miles northwest of 

Denver (Figure 1-1) Other surrounding cities include Boulder, Westminster, and Arvada, which are located 

less then ten miles to the northwest, east, and southeast, respectlvely The Plant consists of approximately 

6,550 acres of federally owned land in Sections 1 through 4 and 9 through 15 of T2S, R70W, 6th Principal 

Merldian Major buildings are located within the Plant secunty area of approximately 400 acres The securlty 

area Is surrounded by a buffer zone of approximately 6,150 acres (Figure 1-2) 

1 3 2 1 Tooorrraohy 

The natural environment of the Plant and vicinity is influenced primanly by its proximity to the Front Range of 
the Rocky Mountains The Plant Is directly east of the north-south trending Front Range, and is located about 

16 miles east of the Continental DMe, at an elevation of approximately 6,000 feet above mean sea level (msl) 

Rocky flats Plant is located on a broad, eastward sloping plain of coalescing alluvial fans developed along 

the Front Range The fans extend about five miles in an eastward direction from their origin at Coal Creek 

Canyon and terminate on the east at a break in dope to low rolling hills The operational area at the Plant IS 

located near the eastern edge of the fans on a terrace between stream-cut valleys (North Walnut Creek and 

Woman Creek) -0 
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1 3 2 2 Surface Wa ter Hvd rolorry 

Three intermittent streams drain the Rocky Flats Plant with flow generally from west to east These drainages 

are Rock Creek, Walnut Creek, and Woman Creek (Figure 1-2) Rock Creek drains the northwestern corner 

of the Plant and flows northeast through the buffer zone to its off-site confluence with Coal Creek An east- 

west trending interffwe separates the Walnut and Woman Creek drainages North and South Walnut Creeks 

and an unnamed tributary drain the northern portion of the Plant security area These three forks of Walnut 

Creek join in the buffer zone and flow toward Great Western Reservoir which is approximately one mile east 

of the confiuence This flow is, however, routed around Great Western Reservoir by the Broomfield Diversion 

Canal, operated by the City of Broomfield Woman Creek drains the southern Rocky Flats Plant buffer zone 

flowing eastward to Standley Reservoir The South Interceptor DRch lies between the Plant and Woman Creek 

The South Interceptor Ditch collects runoff from the southern Plant s e c u q  area and diverts R to Pond C-2, 

where it Is treated and monitored In accordance with the Plant National Pollutant Discharge Elimination System 

(NPDES) permit Treated water from Pond C-2 is then diverted to the Walnut Creek watershed where It is 

released to the Broomfield Diversion Canal 

1 3 2 3 Redon81 and Loa I Hvdrogeoloay 

Geologic units beneath the Rocky Flats Plant consist of unconsdMated surficial units (Rocky Flats Alluvium, 

various terrace alluvia, valley fill alluvium, and colluvium) (Figure la), underlain by Cretaceous bedrock 

(Arapahoe Formation, Laramie Formation, and Fox Hills Sandstone) (Figure 1-4) Figure 1-5 presents a 

generalized stratigraphic section of the Denver Basin bedrock, and Figure 1-6 shows a stratigraphic section 

for the Rocky flats Plant including unconsolidated deposits Ground water occurs under unconfined conditions 

in both surficial and shallow bedrock units In addition, confined ground-water flow occurs In deeper bedrock 

sandstones 

Rockv Flats Alluvium 

The Quaternary Rocky Flats Alluvium is the oldest and topographically highest alluvial deposit at the Rocky 

Flats Plant (Scott, 1965) The Rocky Flats Alluvium is a series of coalescing alluvial fans deposited by braided 

streams (Hurr, 1976) It consists of a topsoil layer underlain by up to 100 feet of varying amounts of silt, clay, 

sand, and gravel The erosional surface (pediment) on which the alluvium was deposited slopes gently 

eastward truncating the Fox Hills Sandstone, the Laramie Formation, and the Arapahoe Formation at the Rocky 

Flats Plant 

‘ 0  
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After deposition of the Rocky Flats Alluvium, eastward flowing streams began dissecting the deposit by 

headward erosion and lateral planation All of the alluvium was removed by erosion in the Woman Creek 

drainage south of OU No 1 and in the South Walnut Creek drainage to the north The result is a terrace of 

Rocky Flats Alluvium extending eastward from the Plant between the two drainages 

a 
Unconfined ground-water flow occurs in the Rocky Flats Alluvium which is relatively permeable Recharge to 

the alluvium is from precipitation, snowmelt, and water losses from ditches, streams, and ponds that are cut 

into the alluvium General water movement in the Rocky Flats Alluvium is from west to east and towards the 

drainages Ground-water flow is also controlled by pediment drainages in the top of bedrock Ground-water 

levels in the Rocky flats Alluvium rise in response to recharge during the spring and decline during the 

remainder of the year Discharge from the alluvium occurs at seeps in the colluvium that covers the contact 

between the alluvium and bedrock along the edges of the valleys Most seeps flow intermittently The Rocky 

Flats Alluvium thins, due to erosion, east of the Plant boundary and does not directly supply water to wells 

located downgradient of Rocky Flats Plant 

Other Alluvial Dews its 

Various other alluvlal deposlts occur topographically below the Rocky Flats Alluvium in the Plant drainages 

Colluvium (slope wash) mantles the valley side slopes between the Rocky Flats Alluvium and the valley 

bottoms In addition, remnants of younger terrace deposits including the Verdos, Slocum, and Louviers Alluvia 

occur occasionally along the valley sde slopes Recent valley fill alluvium occurs in the active stream 

channels 

0 

Unconfined ground-water flow occurs in these surficial units Recharge is from precipitation, percolation from 

streams dunng periods of surface water runoff, and by seeps discharging from the Rocky Flats Alluvium 

Discharge is by evapotranspiration and by seepage into other geologic formations and streams The direction 

of ground-water flow is generally downslope through colluvial materials and then along the course of the 

stream in valley fill materials During periods of high surface water flow, water is lost to bank storage in the 

valley fill alluvium and returns to the stream after the runoff subsides 

Aramhoe Formation 

The Arapahoe Formation underlies surficial materials beneath most of the Plant except beneath the western 

portion of the Plant From approximately the mlddle of the west buffer zone and west almost to Highway 93, 

the Laramie Formation unconformably underlies the Rocky Flats Alluvium The Arapahoe formation is a fluvial 
deposit composed of overbank and channel deposits It consists predominantly of claystones and siltstones 
wnh some silty sandstones beneath the Plant Total formation thickness varies up to 270 feet (Robson, et al , 

@ 
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1981a), and the unit is nearly flat-lying beneath the central and eastern portions of the Plant (EG&G 199Od and 

199Of) The sandstone bodies within the claystone are generally composed of very finegrained sand and silt 
Their hydraulic conductivities are equivalent to, or less than, those of the overlying Rocky Rats Alluvium 

Geologic characterization of the Arapahoe Formation beneath Rocky Flats indicates that the unit is composed 

of fluvial deposits (EG&G, 199Od) The Arapahoe Formation beneath the Plant contains more claystone and 

siltstone than typically described for other areas within the Denver Basin 

t 

The Arapahoe Formation is recharged by ground-water movement from overlylng surficial deposits and 

infiltration from streams The main recharge areas are under the Rocky flats Alluvium, although some recharge 

from the colluvium and valley fill alluvium likely occurs along the stream valleys Recharge Is greatest during 

the spring and early summer when rainfall and stream flow are at a maximum and water levels in the Rocky 

Rats Alluvium are high Ground-water movement in the Arapahoe Formation is generally toward the east, 

although flow within IndtvMual sandstones is controlled locally by the channel geometries Regionally, ground- 

water flow in the Arapahoe Formation is toward the South Platte River in the center of the Denver Basin 

(Robson, et al , 1981a) 

Laramie Formation and Fox Hills Sands tong 

The Laramie Formation underlies the Arapahoe Formation and is composed of two units a thick upper unit 

composed predominantly of daystone and a lower unit which contains coal and sandstone The upper 

Laramie Formation Is greater than 700 feet thick and is of very low hydraulic conductivity, therefore, the U S 

Geologic Survey (Hurr, 1976) concludes that Plant operations will not impact any units below the upper 

claystone unit of the Laramie Formation 

The lower sandstone unit of the Laramie Formation and the underlying Fox Hills Sandstone comprise a 

regionally important aquifer in the Denver Basin known as the Laramie-Fox Hills Aquifer (Robson, 1983) Near 

the center of the basin the aquifer thickness ranges from 200 to 300 feet These units subcrop beneath the 

Rocky Flats Alluvium west of the Plant and can be seen In clay pits excavated through the Rocky Flats 

Alluvium The steeply dipping beds (approximately 50°) of these units located west of the Plant flatten to the 
east (less than 2 O  dip) (EG&G, 199Od and 199Of) (see Figure 14) Recharge to the aquifer occurs along the 
rather limned outcrop area exposed to surface water flow and leakage along the Front Range (Robson, et al , 
198lb) 

I 

1 3 2 4  Meteor0 lQgy 

The area surrounding the Rocky flats Plant has a semiand climate charactenstic of much of the central Rocky 
Mountain region Approximately forty percent of the 15-inch annual precipnation falls dunng the spring season, 

Final Phase 111 RFI/RI Work Plan 881 Hillside Area 
Rocky Flats Plant, Golden, Colorado 
eg&g\88l\ri-fs\final\sec 1 mar 

Revision 1 8 March 1991 
Page 1 15 



much of it as wet snow Thunderstorms (June to August) account for an addltional thirty percent of the annual 

precipitation Autumn and winter are drier seasons, accounting for nineteen and eleven percent of the annual 

precipitation, respectively Snowfall averages 85 Inches per year, falling from October through May (DOE, 

1980) 

a 
I 

Special attention has been focused on dispersion meteorology surrounding the Plant due to the remote 
possibility that significant atmospheric releases might affect the Denver metropolitan area Studies of air flow 

and dispersion characteristics (e g , Hodgin, 1983 and 1984) indicate that drainage flows (winds coming down 

off the mountains to the west) turn and move toward the north and northeast along the South Platte River 

valley and pass to the west and north of Brighton, Colorado (DOE, 1986) 

1 3 2 5 Surroundina Land Use a nd Population Densitp 

The Rocky Flats Plant Is located In a rural area Approximately 50 percent of the area within ten miles of the 

Rocky flats Plant is In Jefferson County The remainder Is located In Boulder County (SO percent) and 

Adams County (10 percent) According to the 1973 Cdorado Land Use Map, 75 percent of this land was 

unused or was used for agriculture Since that time, portions of this land have been converted to housing, with 

several new housing subdMsions being started within a few miles of the buffer zone I 

A recent demographic study shows that approximately 2 2 million people lived within 50 miles of the Rocky 
' e  

Flats Plant in 1989 (DOE, 199Ob) Approximately 9,100 people lived within five miles of the Plant in 1989 (DOE 

199Ob) The most populated sector was to the southeast, toward the center of Denver Recent population 

estimates registered by the Denver Regional Council of Governments (DRCOG) for the eight-county Denver 

metro region have shown distinct patterns of growth between the first and second halves of the decade 

Between 1980 and 1985, the population of the eightcounty region Increased by 197,890, a 2 4 percent annual 

growth rate Between 1985 and 1989 a population gain of 71,575 was recorded, representing a 1 0 percent 

annual increase (the national average) The 1989 population showed an Increase of 2,225 (or 0 1 percent) from 

the same date in 1988 (DRCOG, 1989) 

There are eight public schools within SIX miles of the Rocky Rats Plant The nearest educational facility is the 

Witt Elementary School, which is approximately 2 7 miles east of the Plant buffer zone The closest hospital 

IS Centennial Peaks Hospital located approximately seven miles northeast The closest park and recreational 

area is the Standley Lake area, which is approximately five miles southeast of the Plant Boating, picnicking, 

and limited overnight camping are permitted Several other small parks exist In communities within ten miles 
The closest major park, Gdden Gate Canyon State Park, located approximately 15 miles to the southwest, 

provides 8,400 acres of general camping and outdoor recreation Other national and state parks are located 
in the mountains west of the Rocky Flats Plant, but all are more than 15 miles away 

0 
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Some of the land adjacent to the Plant is zoned for industrd development Industnal facilities within We miles 
include the TOSCO laboratory (4O-acre site located two miles south), the Great Western lnorganics Plant (two 

miles south), the Frontier Forest Products yard (two miles south), the ldealite Ughtweight Aggregate Plant (2 4 
miles northwest), and the JefFerson County Airport and Industrial Park (99O-acre site located 48 miles 

northeast) 

0 

Several ranches are located wlthin ten mnes of the Plant, primarily in Jefferson and Boulder Counties They 

are operated to produce crops, raise beef cattle, supply milk, and breed and train horses According to the 

1987 Colorado Agricultural Statistics, 20,758 acres of crops were planted in Jefferson County (total land area 

of approximately 475,000 acres) and 68,760 acres of crops were planted in Boulder County (total land area 

of 405,760 acres) Crops consisted of winter wheat, corn, barley, dry beans, sugar beets, hay, and oats 

Livestock consisted of 5,314 head of cattle, 113 hogs, and 346 sheep In Jefferson County, and 19,578 head 

of cattle, 2,216 hogs, and 12,133 sheep in Boulder County (Post, 1989) 

1 3 2 6  

A variety of vegetation thrtves within the Plant boundary Included are species of flora representative of tall- 

grass prairie, shortgrass plains, lower montane, and foothill ravine regions None of these vegetative species 

are on the endangered species list It is evident that the vegetative cover along the Front Range of the Rocky 

Mountains has been radlcally altered by human activities such as burning, timber cutting, road building, and 

overgrazing for many years Since the acquisition of the Rocky flats Plant property, vegetative recovery has 

occurred, as evidenced by the presence of disturbance-sensitive grasses species like big bluestem 

(Andropogon gerardii) and sldeoats grama (Bouteloua curtipendula) No vegetative stresses attributable to 

hazardous waste contamination have been identified (DOE, 1980) 

@ 

The animal lrfe inhabiting the Rocky flats Plant and its buffer zone consists of species associated with western 

prairie regions The most common large mammal is the mule deer (Odocoileus lemionus), with an estimated 

lo0 to 125 permanent residents There are a number of small carnivores, such as the coyote (Canis latrans), 

red fox (Vulpes fulva), striped skunk (Mephitis mephitis), and long-tailed weasel (Mustela frenata) A profusion 
of small herbivores consisting of species such as the pocket gopher flhomomys sp and Perognathus sp ), 

white-tailed jackrabbit (Lepus townsendii), and the meadow vde (Microtus pennsytvanlcus) can be found 

throughout the Plant and buffer zone (DOE, 1980) 

Commonly observed birds include western meadowlarks (Stumella neglecta), homed larks (Eremophrla 

alpestns), mourning doves (Zenaidura macroura), and vesper sparrow (Pooecetes gramlneus) A variety of 

ducks, killdeer (Charadnus vociferus), and red-winged black birds (Agelaius phoeniceus) are seen in areas 
' 

I adjacent to ponds Mallards (Anas platyrhynochos) and other ducks (Anas sp ) frequently nest and rear young 
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on several of the ponds Common birds of prey in the area indude marsh hawks (Circus cyaneus), red-tailed 

hawks (Buteo jamaicensis), ferruginous hawks (Buteo regalis), rough-legged hawk (Buteo lagopus), and great 

homed owls (Bubo virginianus) (DOE, 1980) 

Bull snakes (Pituophis melanoleucus) and rattlesnakes (Crotalus sp ) are the most frequently observed reptiles 
Eastern yellow-bellied racers (Coluber constrictor) have also been seen The eastern short-horned lizard 

(Phtynosoma douglassi brevirostre) has been reported on the site, but these and other lizards are not 

commonly observed The western painted turtle (Chrysemys picta) and the western plains garter snake 

(Thamnophis radix) are found in and around many of the ponds (DOE, 1980) 

The bald eagle and the black-footed ferret are the two endangered species which were identified as potentially 

present at Rocky flats Plant by the U S Fish and Wildlife Service Bald eagles are occasional visitors to the 

area primarily during migration times However, eagle sightings are rare and little suitable habitat exists at the 

Plant No bald eagle nests have been found on the Plant site Prairie dogs provide the food source and 

habitat for black-footed ferrets Since there are no prairie dog towns in or near the 881 Hillside Area, ferrets 

probably do not exist at OU No 1 Subsequent to a field visit on June 15, 1988, the U S Fish and Wildlife 

Service has concurred with these findings (Rockwell International, 1988c) 

@ Plans for evaluating the vegetation and biota with respect to OU No 1 contaminants are presented in Section 

6 0  
. I 

1 4 881 HILLSIDE SITE LOCATIONS AND DESCRIPTIONS 

This RFI/RI Work Plan addresses the 881 Hillside Area located on the south side of the Rocky Flats Plant 

security area These sites were designated high pnority sltes because of their suspected relationship to 

ground-water contarnination (DOE, 1987a) Several sites are included in the area because of their physical 

proximity to each other Figure 1-7 shows the location of the 881 Hillside Area and presents the IHSS locations 

within the area 

There are 12 sites designated as IHSSs located within OU No 1 These sites are 

‘ e  

0 Oil Sludge Plt Site (IHSS Ref No 102) 

Chemical Burial Site (IHSS Ref No 103) 

Liquid Dumping Site (IHSS Ref No 104) 

Out-of-service Fuel Oil Tank Sites (IHSS Ref Nos 105 1 and 105 2) 

0 

0 

0 

0 Outfall Site (IHSS Ref No 106) 
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0 Hillside Oil Leak Site (IHSS Ref No 107) 

Multiple Sdvent Spill Sites (IHSS Ref Nos 119 1 and 119 2) 

0 Radioactive Site - 800 Area Site #l (IHSS Ref No 130) 

0 Sanitary Waste Une Leak Site (IHSS Ref No 145) 

Building 885 Drum Storage Site (IHSS Ref No 177) 

The site descriptions presented in the following sections are taken from the Rocky Flats Plant CEARP Phase 

I Report (DOE, 1986), the RCRA Part B Operating Permtt Application (Rockwell International, 1987c), and the 

Phase II Remedial Investigation Report for High Priority Sites (Rockwell International, 1988a) The following 

descriptions also indude a more recent review of historical aerial photography 

1 4 1 Oil Sludge Pit She (IHSS Ref No 102) 

Approximately 30 to 50 drums of otJ sludge were emptied into a pit south of Building 881 in the late 1950% and 
the pit was later covered (Rockwell International, 1987c) Based on interviews with Plant personnel, the sludge 

was reportedly cdlected during deaning of the two No 6 fuel OH tanks south of Building 881 (IHSS Ref Nos 

105 1 and 105 2) in 1958 (Rockwell International, 1987c) However, the pit appears to have been in existence 

in 1955 based on aerial photography of the area In the 1955 photos, the oil sludge pit is located 

approximately 500 feet south of Building 881 and measures approximately 40 feet by 70 feet in dimension 

is a small pond adjacent to Woman Creek Drainage from the Oil Sludge Pit Stte appears directed toward this 

pond The oil sludge pit was covered after its use (Rockwell International, 1987c), and the pit and seepage 
are no longer visible on 1959 aerial photographs 

@ 
I The pit appears to contain oily liquids, and seepage from the plt is evident Also apparent on the 1955 photo 

1 4 2 Chemical Burial Site (IHSS Ref No 103) 

An area south of Building 881 was reportedly used to bury unknown chemicals (DOE, 1986) The exact 

location, dates of use, and contents of the site are unknown This stte was originally thought to be located in 

the same area as the Oil Sludge Pit Sne (Rockwell International, 1987c) However, a pit apparently filled with 

liquid is evident approximately 150 feet southeast of Building 881 on 1963 aerial photographs This pit is 

roughly circular on the photos and measures approximately 50 feet in diameter 
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1 4 3 Liquid Dumping Site (IHSS Ref No 104) 

An area east of Building 881 was reportedly used for disposal of unknown liquds and for disposing empty 

drums prior to 1969 (DOE, 1986) A pit was reported with plan dimensions of approximately 50 by 50 feet 

based on 1965 aerial photographs (Rockwell International, 1987c) However, further review of these historical 

aerial photos indicates the klentlfied "pk" may be a shadow on the photo The Liquid Dumping Pit Site is likely 

the same location as the Chemical Burial Site, however, the area originally identified as the Liquid Dumping 

Pit will also undergo additional investigation to verify its absence 

1 4.4 Out-of Service Fuel Tank Sites (IHSS Ref Nos 105.1 and 105.2) 

Two out-of-servtce No 6 fuel oil tanks are located immediately south of Building 881 (Figure 1-8) These tanks 

were used from 1958 through 1976 They were filled with asbestos-containlng matertal and then with concrete 

subsequent to their use (presumably in 1976), (Rockwell International, 1987c) These tanks tested tight when 

they were pressure tested in 1973 (Rockwell International, 1987c) 

1 4 5 Outfall Site (IHSS Ref No 108) 

@ A so<-inch diameter vitrified clay pipe outfall existed south of Building 881 which discharged water in December 

1977 Previous reports indicated that this was a cleanout pipe for an overflow line from the Building 881 

coding tower (Rockwell International, 1987c) However, review of construction drawings during the Phase I1 

RI Indicated that the pipe is an overflow line from the sanitary sewer sump in Building 887 (Figure 1-8) 

1 4 6 Hillside Oil Leak Site (IHSS Ref No 107) 

in May 1973, an oil leak was discovered on the hillside south of Building 881 The source of the oil was 

believed to be the two No 6 fuel oil tanks (IHSSs 105 1 and 105 2) south of the building, however, pressure 

testing of the tanks and associated lines in 1973 did not reveal any leaks (Rockwell International, 1987c) The 

oil spill was contained with straw, and the straw and soil were removed and disposed of in the Present Landfill 

north of the Plant (Rockwell International, 1987c) 

It was later discovered that the oil had emerged through the Building 881 footing drain outfall (Figure 1-8) A 

dttch and concrete skimming pond were built below the footing drain outfall to contain the oil (Owen and 

Steward, 1973) These structures are still present, although no oil has been observed in the outfall since 1973 

(Rockwell International, 1987c) 
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1 4 7 Multiple Solvent Spill Site (IHSS Ref Nos 119 1 rnd 119.2) c 
Beginning in 1967, two areas east of Building 881 and along the southern perimeter road were used as barrel 

storage areas The barrels contained unknown quantnies and types of solvents and wastes The two facilities 

were expanded between 1967 and 1971, with major expansion occurring in 1969 Barrel storage in these areas 

was discontinued, and all barrels were removed by 1972 The exact types and quantities of solvents stored 

at this facility are unknown (Rockwell International, 1987c) IHSS 119 1 is the larger western barrel storage 

area, and IHSS 119 2 is the eastern barrel storage area The site boundaries shown on Figure 1-7 represent 

the extent of soil disturbance associated with the sites Actual barrel storage areas within each site are also 
shown 

I 

1 4 8 Radioactive Site - 800 Area #1 (IHSS Ref No 130) 

An area east of Building 881 and northwest of iHSS 119 1 was used between 1969 and 1972 to dispose of soil 

and asphalt contaminated with low levels of plutonium The materials at this site were derived from three 

sources on the Plant site 

In September 1969 approximately 320 tons [250 cubic yards (Illsley, 1978)l of plutonium-contaminated soil and 

asphalt were removed from the west side of Building 776 and placed on the 881 Hillside (Owen and Steward, 

1973) The soil and asphalt were contaminated during the May 11, 1969, fire in building 776, and had an 

estimated average plutonium activity of 7 4 disintegrations per minute per gram (dpm/g) [3 36 picoCuries per 

gram (pCi/g)] The total plutonium concentration of this material was estimated to be 14 milligrams (mg) [864 

microCunes (Ilci)] (Putzier, 1970) Material from the 1969 fire was butled under one to two feet of fill dirt 
(Owen and Steward, 1973) 

@ 

In August 1970, a section of the Central Avenue roadway between Eighth and Tenth Streets was removed and 

placed on the 881 Hillside at IHSS 130 (Owen and Steward, 1973) This stretch of road was radioactwely 

contaminated in June 1968 by a leaking drum in transit from the 903 Drum Storage Site to Building 774 (Owen 

and Steward, 1973) The exact quantity and radioactivlty of the material removed from Central Avenue are 

unknown 

The third episode of soil disposal at IHSS 130 occurred in 1972 (Owen and Steward, 1973) Approximately 
60 cubic yards of plutonium-contaminated soil were removed from around the Building 774 process waste 

tanks and placed on the 881 Hillside (Owen and Steward, 1973) The soil was placed on top of previously 

deposited soils at IHSS 130 and covered with approximately three feet of fill dirt (Illsley, 1978) The estimated 

total long-lived alpha actlvity of this soil is less than 250 dpm/g (Illsley, 1978) 
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1 4 9 Sanitary Wade Line Leak Site (IHSS Ref No 145) e 
The four-inch, cement-asbestos sanitary sewer line located south of Building 881 leaked in January 1981 An 

earthen dike was constructed to prevent the spill from entenng the South Interceptor Ditch, and the line was 

repaired The line conveyed sanitary wastes to the sanitary treatment plant and dtd not carry hazardous or 

radioactive materials Conveyance of laundry wastewater, which may have contained low levels of radioactwe 

materials, was discontinued in 1973 (Rockwell International, 1987~) Recent review of Building 881 construction 

drawings indicates that the only sanitary waste lines presently located south of the bullding are the six-inch 

overfiow line from Building 887 (IHSS 106) and an eight-inch vitrtfied clay pipe which runs east-west into 

Building 887 (Figure 1-8) Presumably, the four-inch, cement-asbestos sewer line was replaced subsequent 

to the waste line leak 

1 4 10 Building 885 Drum Storage Site (IHSS Ref No 177) 

Building 885, immediately south of Building 881, is currently used for satellite cdiection and 90day 

accumulation of RCRA regulated wastes (Figure 1-7) The building will be closed under RCRA Interim Status 

(40 CFR 265) Complete information on this site is provided In the RCRA Interim Status Closure Plan which 

is appended to the revised Post-closure Care Permit Application for hazardous and radioactive mixed wastes 

at the Rocky flats Plant (Rockwell International, 1988d) Any ground-water contamination from this site will 

be addressed by the remedial action for Operable Unit No 10 
0 

* 
Final Phase I11 RFl/RI Work Plan - 881 Hillside Area 
Rocky Flats Plant, Golden, Colorado 
eg&g\881 \ri-fs\final\ssc-1 mar 

Revision 1 8 March 1991 
Page 1 24 



2 0  

SITE EVALUATION 

2 1 881 HlUSlDE AREA PREVIOUS INVESTIGATIONS 

Previous environmental investigations performed at the 881 HUlslde Area include the Phase I and Phase I I  

Remedlal Investigations (Rockwell International, 1987a and 1988a) and the French Drain Geotechnical 
Investigation in support of the IM/IRA (EG&G, 1991a) Each of these programs is described below 

2 1 1 Phase I and Phase I1 Remedial Investigations 

Remedial investigations were performed in two phases at the 881 Hillside Area The first phase of 

investigations began in March 1987, in accordance with the plans presented in DOE (1987a and 1987b) The 

second phase of field work was performed subsequent to submittal of the draft 881 Hillside Area Phase I RI 

Report and meetings wdh CDH and EPA to plan further work based on Phase I results 

Objectives of the remedial investigations were to 

0 Verify waste source locations 

0 Characterize waste sources 

Characterize site geology and hydrology 

0 Determine the presence and extent of groundwater, surface water, and soil contamination 

Provlde data to estimate the potenttal for contaminant migration vm the ground-water, surface 
water, and air pathways 

0 Support feasibility studies of alternative remedial actions 

The Phase I and Phase II field programs consisted of 

0 Preparation of detailed topographic site maps 

0 Radiometric and organic vapor screening surveys 

Geophysical surveys using electromagnetometry, resistivrty, magnetometry, and metal detection 

0 Soil gas sampling using the Petrex method 

Drilling, sampling, and chemical analyses of subsurface soils from 17 Phase I boreholes and 0 

6 Phase II boreholes (Figure 2-1 and Table 2-1) 

Installation of 4 alluvial wells and 3 bedrock wells durtng Phase I drilling and 11 alluvial wells 
and 1 bedrock well during Phase II drilling (Figure 2-1) 
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0 Packer testing of cored bedrock wells 

Slug testing on all new wells containing sufficient water for testing 

Single hde pumping tests of wells 2-87 and 4-87 

Quarterly sampling and analysis of ground water from all 1986 wells (up to fhre quarters of data 

0 

0 

0 

and 1987 wells (in general, two samples for Phase I wells and one sample for Phase 1 wells 
In the study area in addition to older wells which had shown contamination in the past 

0 Surface water samplin and analysis from stations along Woman Creek and the South 
Interceptor Ditch, as w 8 I as from seeps and springs located in the area 

0 Bedload sediment sampling and analysis in Woman Creek 

2 1 2 French Drain Geotechnicrl Investigation 

An interim remedial action is proposed at the 881 Hillside Area to collect, treat, and discharge the treated 

alluvial ground water Alluvlal ground water will be cdlected by a french drain across the hillside and pumped 

to a water treatment plant at the top of the hillside A geotechnical and geochemical soils investigation was 

performed at the 881 Hillside Area in order to evaluate the site characteristics along the proposed french drain 

alignment, a possible french drain extension, and associated Influent and effluent lines (Figure 2-2) 

A series of 36 brings on approximately 10 foot centers were taken along the entire length of the 

influent/effluent lines, the french drain alignment, and the potential french drain extension Six additional 
borehdes were drilled as offsets to the 100-foot centered boreholes to obtain geotechnical samples of the 

colluvium This was required because most of the core from the central boreholes was used for geochemical 

sampling, leaving little for additional geotechnical sampling 

Objecthres of the french drain geotechnical investigation included 

Geotechnical soil and bedrock samples and testing (in situ and laboratory) to assist in the 
design of the french drain system and evaluate the slope stabiltty of the 881 Hillside 

Accurate lithologic logs, including depth to bedrock and location of subcropping bedrock 
sandstone units 

Geologic data for generating geologic cross sections 

Samples for chemical analyses that added to the 881 Hillside database to determine 

a Appropriateness of proposed french drain location 

b Appropriate level of health and safety protection for french drain construction 

C Disposition of excavated soils 
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H raulic conductivities of each five-foot depth interval in bedrock and discrete conductivities 
A n y  subcropping sandstones that were encountered 

The French Drain Geotechnicai Investigation consisted of 

Drilling, sampling, and chemical analyses of subsurface soils from 37 boreholes 

Packer testing of 28 cored bedrock boreholes 

Installation of four alluvial piezometers along the proposed French Drain Extension 

0 Sampling for geotechnical testing in 42 borehdes of both the suficial and bedrock unRs 
(EG&G, 1991a) 

2 2 SITE PHYSICAL CHARACTERISTICS 

A site-specific conceptual model of the 881 Hillside Area has been developed based on previous investigations 

This model describes contaminant sources and pathways through which contaminant transport may occur from 

these areas 

2 2 1  Geology 

Geologic materials at OU No 1 consist of surficial materials (colluvium, Rocky Flats Alluvium, and valley fill 

alluvium) overlying the Cretaceous Arapahoe Formation Gedogic interpretations presented herein are based 

on information from Hun (1976) and the Draft Geologic Characterization Report (EG&G, 1990d) These 

interpretations are subject to change or modification based upon information gathered during the Phase 111 
RFi/RI 

2 2 1 1 Surflclal Geoloqy 

Surficiai materials at the 881 Hillside Area consist of the Rocky Flats Alluvium, colluvium, valley fill alluvium, and 

artificlal fill unconformably overlying bedrock in addition, there are a few isolated exposures of claystone 

bedrock Figure 23 presents the distribution of surficial materials The study area is located on the south- 

facing hillside which slopes down from the Rocky Flats terrace toward Woman Creek on the south side of the 
Plant Rocky Flats Alluvium caps the top of the slope, and colluvium covers the hillside Artificial fill and 

disturbed materials are present around Building 881 and south of the building to the South Interceptor Ditch 
Artificial fill overlies colluvium at IHSS 130, and surficial materials are disturbed in the vicinity of IHSSs 119 1 
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and 119 2 Valley fill alluvium is present along the drainage of Woman Creek south of the 881 Hillside Area, 

@ and terrace alluvium occurs on the north side of the Woman Creek valley fill alluvium 

v Flats Alluvium 

The Quaternary Rocky Flats Alluvium is the ddest and topographically highest alluvial deposit at the Rocky 

flats Plant (Scott, 1965) The Rocky flats Alluvium is a series of coalescing alluvial fans deposited by braided 

streams (HUN, 1976) The erosional surface (pediment) on which the alluvium was deposited slopes gently 

eastward truncatlng the Fox Hills Sandstone, the Laramie Formation, and the Arapahoe Formation at the Rocky 

flats Plant 

After deposition of the Rocky Flats Alluvium, eastward flowing streams began dissecting the deposit by 

headward erosion and lateral planation All of the alluvium was removed by erosion in the Woman Creek 

drainage south of the 881 Hillslde Area and in the South Walnut Creek drainage to the north The result IS a 

terrace of Rocky flats Alluvium extending eastward from the Plant between the two drainages This terrace 

forms the crest of the 881 Hillside Area 

Collwlal materials are present on the hllside below the Rocky Flats terrace east of Building 881 and extend 

south to the Woman Creek drainage (Figure 2-2) These materials are deposited by slope wash and downslope 

creep of Rocky flats Alluvium and bedrock Colluvium ranges from two feet (BH16-87) to twenty-two (well 62- 

86) feet in thickness 

Cdluvial materials on the 881 HUlsMe have been disturbed by construction of Building 881, various excavation 

activities associated with the IHSSs, and construction of the South Interceptor Ditch These areas are shown 

as disturbed ground on Figure 2-2 Within IHSSs 119 1 and 119 2, shallow excavation took place to construct 

roadways and to provide level drum storage areas Colluvium is also disturbed south of Building 881 in the 

vicintty of IHSSs 106 and 107 This area was excavated during construction of the skimming pond in 1972 
Finally, cdluvium was excavated along the South Interceptor Dltch during its construction from 1979 to 1981 

Colluvium is undisturbed on the hillside south of IHSSs 130,119 1, and 119 2 and south of the perimeter road 

The colluvium k thickest In the north-south trending swales draining the 881 Hillside (wells 4-87 and 6-87) and 

thinnest over the intervening ridges (wells 4847,4947, and 5087) Colluvium consists predominantly of clay 
with common occurrences of sandy clay and gravel layers e 
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Gravel layers are present in collwial materials both urnonformably overlying bedrock and near the surface 

These gravels are likely deposited in a south (downslope) direction by creep and slope wash erosion of the 

Rocky Flats Alluvium and can be expected to be elongated in the north-south direction with a rather limited 

extent in the east-west direction The gravel layers range from 1 3 feet (wells 43-87,62-86, and 69-86) to 5 5 

feet (well 59-86) in thickness Collwial gravel deposits can be correlated between some of the wells and 

boreholes For example, the basal gravel in well 59-86 can be traced to wells 69-86 and 8-87 Sand and gravel 

layers In well 43-87 can also be correlated with sand and gravel layers in well 4-87 (Figure 24) 

Terrace Alluvium 

A Quaternary terrace alluvlum is present on the north side of the Woman Creek valley fill alluvium This terrace 

is approximately five to ten feet above the present stream level indicating that it is probably Holocene in age 

(Scott, 1960) The thickness of the deposit ranges from approximately three (well 58-86) to seven (well 55-87) 

feet The terrace allwium is composed of very poorly sorted gravelly sand 

Vallev Fill Alluvium 

The most recent allwial deposit in the 881 Hillside Area is the valley fill alluvium along Woman Creek This 

alluvium is derived from reworked and redeposited older alluviums and bedrock Alluvium thickness ranges 

from approximately six feet (well 68-86) to nine feet (well 64-86) The unconsolidated valley fill alluvium 

generally consists of poorly sorted, angular to subrounded granrte and quartzlte cobbles, pebbles, and gravels 

in a silty, sand matrix. 

There are two types of fill on the 881 Hillslde (Figure 2-2) derived from separate sources The first is natural 

fill materlal derrved from excavation of the Building 881 foundation, and the second is artificial fill placed at 

IHSS 130 (Section 1 4 8) 

Maternal excavated for the Building 881 foundation was spread over a large area generally south of the building 

The very poorly sorted and unconsolidated natural fill was derived from Rocky flat Alluvium, colluvium, and 

claystone bedrock It Is predominantly composed of sandy clay with some gravelly zones 

Soils placed at IHSS 130 comprise the second type of fill It consists of clayey sand with subangular quartzite 

cobbles Asphalt was also encountered from 0 to 2 75 feet in BH11-87 The artificial fill at IHSS 130 overlies 

natural cdluvial materials In borehole BH11-87, approximately ftve feet of fill are present, with fill thickness 
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increasing to approximately ten feet In BH10-87 The artificial fUI at IHSS 130 was unsaturated during the 

Phase II RI drilling program @ 

The weathered claystone Is also characterized by mild fracturing typically exhibiting a fracture density of three 

to seven iron oxide-filled, healed fractures per foot Unweathered claystones may typically exhibit a fracture 

Thls fracture 
density information was obtained from borehole logs of the French Drain Geotechnical Investigation (EG&G, 

1991a) and will be provkled in the Phase 111 RFi/Ri report As a result, the weathered daystone has slightly 

higher hydraulic conductivrties than unweathered claystone In well 5-87 and abandoned hole 7-87A, claystone 

density of zero to three Iron oxide-filled to manganese oxide-filled, healed fractures per foot 

2 2 1 2 Bedrock Geol~gy 

0 

The Cretaceous Arapahoe Formation underlies surficial materials at the 881 Hillside Area The bedrock beneath 

the 881 Hillside consists of claystoms with interbedded lenticular sandstones, siltstones, and occasional minor 

lignite deposits The bedrock sediments were deposited by meandering and bralded streams flowing generally 
from west to east off the Front Range (Weimer, 1973) Sandstones were deposited in stmm channels and 
as overbank splays, claystones were deposited in back swamp and floodplain areas Leaf fosslls, organic 

matter, and lignite beds were encountered within the claystones during drilling at the 881 Hllside Contacts 

between various lithologies are both gradational and sharp Based on results of the high resolution seismic 

reflection study at Rocky flats Plant, bedrock in the 881 Hillskie Area is dipping less than two degrees to the 

east (EG&G, 199of) The seismic investigation along with the gedogic characterization provide strong evidence 

that some sandstones at the Plant are quite continuous Further work defining the geometrics and distribution 

of individual sandstone bodies at the Plant is ongoing 
I 

Clavstoneg e 
Arapahoe Formation daystone was the most frequently encountered lithology immediately below the 

alluvium/bedrock contact Claystones are generally thinly bedded and contain occasional laminae and 

interbeds of fine-grained sand and silt (wells 3-87.45-87, and 47-87) Intervals of carbonaceous materml and 

fossils (mainly plant fragments and leaves) are also common in the claystones 

' 
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Unweathered bedrock occurs belween 37 7 (well 8-87) and 56 feet (well 3-87) below ground surface The 

unweathered daystones are typically darker gray than weathered claystone and have llttle mottling They are 

also more consolidated than weathered claystones and exhibit little to no fracturing 

@ 

Sandstone# 

Arapahoe Formation sandstones were encountered beneath the 881 Hillside in holes 59-86,62-86,3-87,5-87, 

6-87A, 7-87A, 8-87, and 45-87 These sandstones are generally composed of poorly to moderately sorted, 

subrounded to rounded, very fine- to medium-grained, poorly to moderately well cemented quartz sand with 

up to 10% lithic fragments The thickness of individual sandstone beds ranged from approximately five feet 

(well 5-87) to twelve feet (well 8-87) 

Sandstones encountered in holes 5-87, W7A, 7-87A, and 6-87 are weathered Weathered sandstones ranged 

from olive gray to moderate yellowish brown in color with brown, orange, and yellow iron oxde staining 

Weathered sandstones were described as being friable and brittle Unweathered sandstones are lithdogically 

similar to the weathered sandstones and were found in wells 45-87 and 3-87, at 895 feet and 103 feet, 

respectively Unweathered sandstones are generally medium dark gray to pale dive in cdor with infrequent 

staining of brown and yellows The deeper unweathered sandstones are generally more consolidated than 

weathered sandstone The orientation, geometry, and extent of bedrock sandstones at the 881 Hillside are not 

well defined at this time 

@ 

A saturated lignite bed was encountered from approximately 85 to 88 feet below ground surface in well 8-87 

and between approximately 87 8 to 88 1 feet below ground surface in well 3-87 Very carbonaceous-rich 

daystones occur frequentiy in this stratigraphic horizon Based on a two degree dip of the bedrock, the two 

lignite layers correlate and are presumably continuous 

2 2 2 Ground-water Hydrology 

Unconfined ground-water flow occurs in surficial materials and subcropping sandstones In addition, 

subcropping claystone may be saturated in some locations Confined ground-water flow occurs in lower 
sandstone units The majorlty of the wells that have been installed in weathered claystone throughout the Plant 

monitor the unconfined flow system Due to low hydraulic conductivities, water recovery is low I 
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2 2 2 1 Unconfined Flow S m  e 
Recharae/Oirch8cge Condition8 

Ground water is present in the Rocky Flats Alluvium, colluvium, valley fill alluvium, and subcropping sandstones 

under unconfined conditions Recharge to the water table occurs as infiltration of incdent precipitation and 

as seepage from ditches and creeks In addition, retention ponds along Woman Creek likely recharge the 

valley fill alluvium 

The shallow ground-water flow system is quite dynamic, with large water level changes occurring in response 

to precipitation events and stream and ditch flow Alluvial water levels are highest during the spring and early 
summer months of May and June Water levels generally decline during late summer and fall, at which time 

some wells go dry The shallow ground-water flow system supports ephemeral flow in the creeks 

Alluvial ground water discharges to seeps, surface water drainages, colluvium and bedrock at the 881 Hillside 

Area Seeps occur on the HllsMe where colluvial materials are thin Ground water in valley fill materials 

discharges to Woman Creek 

0 There is a strong downward gradient between ground water in surficbl materlals and bedrock Calculated 

vertical gradients range from approximately 0 3 to 3 7 ftp indicating a hydraulic potential for downward flow 

Fable 2-2) These values were calculated uslng the methods of Kasef (1986) It should be noted these vertical 

gradients only indicate the potential for downward flow Actual downward flow rates are controlled by the 

thickness and vertical hydraulic conductivity of the intervening layers as well as the vertical gradient 

Ground-Water Flow Directions 

Figures 2 4 2 - 6 ,  2-7, and 2-8 depict the water table in surficial materials in January, May, August, and October 

1989, respectively Ground water flows from the Rocky flats Alluvium at the top of the 881 Hlllskie generally 

southeast through colluvial materials toward Woman Creek At the Rocky Flats pediment edges, ground water 

emerges as seeps and springs at the contact between the alluvium and claystone bedrock (contact seeps), 

is consumed by evapotranspiration, or flows through collwlal materials following topography toward the valley 

fill and terrace alluviums flow through collwial materials appears to primarily occur in the gravel within the 

colluvium Available water level data for well 4787 indicate that ground water is below the base of the South 
Interceptor Ditch (Figure 2-5), although there could be discharge to the ditch during wet periods Once ground 

water reaches the valley, it either flows down-valley in the alluvium (easterly), is consumed by 

evapotranspiration, or discharges to Woman Creek During the driest portions of the year, evapotranspiration 
can result in no flow in either the colluvium or the valley fill alluvium 

0 
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Ground-Water Flow Ratel 

Hydraulic conductMty values were calculated for surficial materials based on results of drawdown-recovery 

tests performed on 1986 wells during the initial site characterization (Rockwell International, 1986e) and on 

results of balldown/recovery and single well pumping tests performed on select 1986 and 1987 wells during 

remedial investigations (Rockwelt International, 1987a, 1988a, and 108Qa) Ground-water flow velocnies are 

presented below based on site-specific hydraulic conductrvity values and gradtents However, these flow rates 

represent extremely consewatbe estimates, as a conservative estimate of effectbe porosity (0 1) was used in 

the calculations As site-specific effective porosity values are developed for OU No 1. ground-water flow rate 

calculations will be revised 

Hydraulic conductMty values are available for three wells completed in cdluvium at the 881 Hillside, two are 

completed in gravel layers (wells 69-86 and 487) and one is completed in sandy clay (well 2-87) (Table 2-3) 

The test results indicate hydraulic conductivities of 9 x lo4 centimeters per second (cm/s) and 7 x 10" cm/s 

for the gravel layers and 4 x 10" cm/s for the sandy clay Using the maximum hydraulic conductivlty value 

of 9 x lo4 cm/s, a gradient of 0 15 for colluvial gravel at the hillside, and an assumed effective porosity of 0 1 , 
the maximum possible ground-water velocity through cdluvial gravel is approximately 1,400 feet per year 

(ft/yr) Using the geometric mean hydraulic conductMty of 1 x lo4 cm/s, a gradient of 0 15, and an effective 
porosity of 0 1, the mean groundwater velocity through colluvium is approximately 155 ft/yr Vdatile organic 

contaminants from IHSSs 119 1 and 130, based on chemical data presented in Section 2 3, have not yet 

reached well 47-87 due to attenuation mechanisms in the area (That well was usually dry, but the samples 

that were obtained did not contain volatile organic concentrations above detection limit ) There is one report 

of PCE [8J micrograms per liter (pg/L) - estimated below detection limit and flagged "A" (accepted with 
qualifications)] at well 64-86 However, this one value is consdered insufficient to demonstrate contamination 

at that easterly location Those data will be verified in Phase 111, but current evidence suggests that organic 

contaminants in ground water from IHSS 119 1 have moved less than 200 feet in 15 to 18 years (1 1 to 13 ft/yr) 

This represents an estimate of organic contaminant migration rate, including the effects of retardation and 
attenuation, not ground-water flow rate 

Once ground water reaches the creek drainage, it travels within the alluvium east toward the property boundary 

at lndlana Street Flow in the alluvium occurs in response to infiltration events, and the saturated thickness 

decreases fdlowng the event by down-valley flow and evapotranspiration High evaporative losses have been 

noted repeatedly in Investigations of the valley fill alluvium Hun (1976) notes that as much as 0 25 cubic feet 

per second (n"/s) were lost to evapotranspiration along Woman Creek during the period July to September, 

1974 In addition, both Rockwell international (1987~) and the DOE (1980) comment on evapotranspirative 

losses from the valley fill alluvium, based on water level records I )  
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TABLE 2-3 

COLLUVIUM 

!!uuQ 

6986 

287 

4-87 

RESULTS OF HYDRAULIC CONDUCTlVlM TESTS 
IN SURFlClAL MATERIALS 

Drawdown- 
Recovery 
Tests km/& 

9 x lo* 

4 x 10" 

7 x 10" 

Geametric 
Mean 1 4 x  10* 

WOMAN CREEK V A W  

Drawdown- 
Recovery 

w!AQ Tests k m / a  

56-86 4 x lo* 

65-86 3 x  l o 3  

68-86 1 x lo5 

70-86 3 x lo4 

Geometric 
Mean 7 7 x  lo* 
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Slug 
Tests (c m/& 

2 x lo* 

3 x 10" 

- 

7 7 x  10' 

Slug 
Tests fc m /s) 

- 
-- 
-- 
- 
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Based on evaluation of drawdown/recovery tests, the Woman Creek valley fill alluvium has a geometric mean * hydraulic conductMty of 7 7 x lo4 cm/s (797 ft/yr) and a maximum conductivity of 3 x lo5 cm/s (3,104 ft/yr) 
(Table 2-3) Using a hydraulic gradient of 0 021 and an assumed effective porosity of 0 1, the resulting ground- 

water flow velocity ranges from 167 to 652 ft/yr using the geometric mean and maximum hydraulic conductivity 

values 

The inference that the ground water flows only three quarters of the year is based on water level data from 

wells completed In Woman Creek alluvium Six of the nine wells completed in the Woman Creek alluvium have 

been dry during at least some portion of the year since their installation The Phase ll RI report (Rockwell 

International, 1988a) presents water level data which show that the valley fill alluvium is dry at wells 146,64-86, 

and 66-86 from about June to O c t b r  (three months) Because the alluvium is not saturated for the full year, 

a dissolved constituent travels only a portion of this distance each year Thus, a sdute particle would travel 

approximately 125 to 489 feet in valley RII alluvium during a year based on the average and maximum hydraulic 

conductivity values Section 5 0 discusses additional hydraulic testing to estimate hydraulic conductivities as 

well as dispersion coefficients 

The daystone within the bedrock is also considered part of the unconfined ground-water flow system even 

though limited flow occurs in this unit Packer tests were performed In four wells drilled in 1987 for the Phase 

II RI/FS and in 24 boreholes for the French Drain Geotechnical Investigation The results of these packer tests 
are presented in Tables 2 4  and 2-5 

0 

Most of the packer tests performed for the French Drain Geotechnical Investigation showed no water loss in 

the weathered daystones and therefore the hydraulic conductMty values are given as less than results (EWG, 
1991a) These values were used in the calcuiation of the geometric mean in two ways In one calculation, the 

values indicating no water loss were taken as actual values and included in the calculation In the other 

instance, the values reported with a less than sign preceeding them were replaced with the value 1 0 x 10’ 

cm/s which is believed to be a representatwe value for the hydraulic conductivity of the weathered claystone 

Hydraulic conductivity values for weathered daystones estimated from packer tests showed a range of 2 3 x 

1 O5 cm/s to 3 6 x 10 cm/s, with a geometric mean range of 2 1 x 1 O8 cm/s to 3 4 x 10 ’ cm/s 

The hydraulic conductivity values for unweathered claystone are given in Table 2-5 The values ranged from 
3 x lod cm/s to 1 x lo6 cm/s with a geometric mean of 9 5 x lo4 cm/s The geometric mean of hydraulic 

conductivity for unweathered daystone is one to two orders of magnitude less than the value for weathered 
claystone 
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TABLE 2-4 

RESULTS OF PACKER TESTS IN WEATHERED CIAYSTONES 

HydtEtdiC - Borehole No * 

587BR 2 x 10" 
1 x 10" 
2 x l o 7  
7 x  10' 

<15 x lod 

2 2 ~  io5 
2 3  x loJ 

Hydraulic - Bprehde No * 

8301390 3 5 x  lod 
7 7 x  10" 
35x10"  
4 0  x 10' 

8-87BR 

B300tSO 

~300290 
6301490 

8301 590 

<4 9 x lo6 
< 6 0  x 10" 
<23 x 10" 

8300390 

8300490 

8 5  x I O J  
4 2 x  loa 
23x10d  
8 0  x lod 

8300590 <2 8 x iod 
<3 7 x lod 
<4 5 x 10" 

<33 x 10" 
<3 7 x lod 
8 4 x  10' 

<5 0 x 10" 
<84  x 10" 
<4 8 x 10" 

8301690 

6301 790 

~ 6 6 x 1 0 '  

4 4 x 1 0  
<43  x 107~ 

<13  x 10" 
< 5 8 x  10' 
< 4 8 x  10' 
<41 x10'  

6301890 < 8 3 x  10' 
3 9 x  lo4 
<45 x 10' 
<45 x 10' 

<5 9 x 10" 
<3 4 x lod 
2 0  x lod 

6300890 

8301 990 < 7 4  x 10' 
< 5 4 x 1 0 7  
< 5 6 x  10' 
< 5 3 x  10' 

8300990 c2  6 x 10" 
<13 x 10" 
<2 0 x lo8 

8301 90 

8301 190 

6 4  x 10" 

<66 x 10" 
<53 x 10" 
<3 5 x lod 

N/A 

<15 x 10" 
e1 0 x 10" 
1 1 x lo4 

8302090 < 7 2  x 10' 
~ 5 5 x 1 0 '  
< 5 2 x 1 0 7  
<45 x 10' 

83021 90 <62  x 10' 
<42  x 10' 
< 3 6 x  10' 8301 290 

8302290 < 7 4  x 10' 
4 4  x 10' 
<45 x l o 7  
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TABLE 2 4  (Continued) 

RESULTS OF PACKER TESTS IN WEATHERED CLAYSTONES 

Hydraulic 
Borehole No * ConductMor k m / d  

8303790 e82 x 10’ 
< 6 6 x  10’ 
e 5 4 x  10’ 

8303890 e1 2 x lod 
< l o  x lod 

Gemetric Mean 

1) Values reported as less than values taken as actual values 2 1 x cm/s 

2) Values reported as less than values replaced with 1 x 10’ cm/s 3 4 x 10 ’ cm/s 

French Drain Geotechnlcal Investigation borehdes begin with B, 881 Hillside RI borehdes begin wlth 
a number 
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TABLE 2-5 

RESULTS OF PACKER TESTS IN UNWEATHERED CLAYSTONE 

Borehole No Hvdraul ic conduc tivitv km/d 

3-87 

8-87 

45-87 

1 x lod 
2 x lod 
5 x lod 
4 x  lod 

3 x io7 

4 5  x 10’ 

wlth ligntte 9 x IO4 
with lignite 1 x lo1 

2 x 10’ 
3 x lod 
2 x lod 
Q X  io7 

Geometric 
Mean 9 5  x lod 
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The greatest potential for ground-water flow in the Arapahoe Formation occurs in the sandstones contained 

within the daystones Groundwater recharge to sandstones occurs as infiltration from alluvial ground water 

where sandstones subcrop beneath the alluvium and by leakage from claystones overlying the sandstones 

Fdlowlng Robson, et al (1981a), flow within individual sandstones is assumed to be from west to east, but the 

geometry of the bedrock ground-water flow path is not fully understood at this time due to Its dependence 

upon the continuity of the sandstones and their hydraulic interconnection Evaluation of the lateral extent and 

degree of interconnection of the sandstone units is a pnmary goal of an ongoing program of profiling the 

Arapahoe Formation through drllling and the high resolution seismic reflection studies 

Hydraulic conductivity values for sandstones were estimated from drawdown-recovery tests performed in 1986, 

slug tests performed in 1987, and packer tests performed in 1986 and 1987 (Rockwell International, 1988a) 

Drawdown-recovery test results for wells 59-86, 62-86, 3-87, and 5-87 in weathered sandstone were 2 x l o4  
cm/s, 1 x loa cm/s, 2 x lod cm/s, and 8 x lo* cm/s, with a geometrlc mean of 2 4 x 10 cm/s (Table 2-6) 

The variability of results for sandstones is reasonable gtven their variable silt content Slug and packer tests 

typically yielded lower hydraulic conductivity values sandstone in wells 62-86 and 5-87 had values of 6 x lo9 
cm/s to 7 x 10* cm/s based on slug tests, and sandstone in wells 59-86,62-86,3-87 and 5-87 had values of 
4 4 x 10 cm/s, 5 x lo4, 7 8 x 10 ', and 2 x 10 cm/s based on packer tests 

' 0 

2 2 3 Surface Water Hydrology 

2 2 3 1  No man Cree k 

Woman Creek is located south of the 881 Hillside Area with Its headwaters in largely undisturbed Rocky Flats 

Alluvium (Figure 1-2) Runoff from the southern part of the Plant is cdlected in the South Interceptor Ditch 

located due north of the creek and delivered to Pond C-2 Pond C-1 (upstream of C-2) receives stream flow 

from Woman Creek The discharge from Pond C-1 is diverted around Pond C-2 into the Woman Creek channel 

downstream Water in Pond C-2 is treated and discharged to Woman Creek in accordance with the Plant 

an eight-inch diameter PVC pipe (Pond C-2 diversion pipe) to join the Broomfield Dlversion Canal located in 

the Walnut Creek drainage basin 

, NPDES permit (discharge point 007) It is then pumped from the Woman Creek drainage northeast through 
0 

Flow in Woman Creek and the South Interceptor Ditch is intermittent, appearing and disappearing along various ' @ reaches Dunng the 1986 initial site characterization, measurable flow occurred at less than one-half of the ten 
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TABLE 2-6 

RESULTS OF HYDRAULIC CONDUCTIVITY TESTS 
OF BEDROCK UNWEATHERED SANDSTONE 

Drawdown- 
Recovery Slug Packer 

J ! b u Q -  Tests Icm/s) 

59-86BR 2 x lo4 - 4 4  x l o 7  

62-86BR 1 x 10" 6 x lod 5 x lo6 

3-87BR 2 x lod - 78 x l o 7  

5-878R 8 x loa 7 x lod 2 x 10' 

Geometric 
Mean 2 4 x 1 0 "  2 0  x l o s  2 4  x 10' 

I 
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stations located along Woman Creek and the South Interceptor Ditch (Rockwell International, 1986e) All 

recorded flows, measured at the time of quarterly sampling events, were less than ten gallons per minute 

During the 1986 and 1987 investigations, there was no surface flow in Woman Creek downstream of Fond C-2 

The intermittent surface water flow observed for Woman Creek and the South Interceptor Ditch is indicative 

of frequent interaction with the shallow ground-water system 

m 

2 2 4 Sutficial Soils 

Surficial solls of OU No 1 are predominantly moderately deep to deep welldrained day loams of moderate 

to low permeability The area is drained by Woman Creek and soils along the flood plain and low terraces 

have formed in stratified loamy alluvium The higher gently sloping sols are formed from Rocky Flats Alluvium 

and colluvium where gravels and cobbles are common The hiilskks in the area are formed from cobbiy, 

gravelly, and loamy alluvium (mmd sources) or daystone Runoff IS generally rapid and erosion hazard can 

be severe on the steeper slopes Numerous soil series occur in the area, however, all belong in the Arguistoll 

great group with the exceptlon of some entisolls in the drainages (Figure 2-9 and Table 2-7) Arguistdls are 

generally characterized as welldrained SOUS with mollic (dark) epipedons, argillic 'B" horizons, and calcic "C" 

horizons They exist in ustic moisture regimes (limited moisture, but adequate for plant growth during growing 

season) The two predominant subgroups are Torrertic and Aridic, with the Torrertic Arguistdis having more 

pronounced shrinking and swelling capability (U S Department of Agriculture, 1980) 
' 

2 3 NATURE AND EXTENT OF CONTAMINATION 

2 3 1 Background Chanctewbtion 

In order to facilitate the interpretation of chemical results in non-background areas, a background 

characterization program has been implemented to define the spatjal and temporal variability of naturally 

occurring constituents A plan was completed in January 1989 (Rockwell international, 1989c), field work was 

conducted, and a draft Background Geochemical Charactertzation Report was prepared and submitted to the 

reguiatov agencies in December 1939 (Rockwell International, 1989d) The report was recently finalized for 

submittal in December 1990 (EG&G, 199Oe) The document summarizes the background data for ground 

water, SUrfaCe water, sediments, and geologk materials, and identifies preliminary statistical boundaries of 

background variability Spatial variations in the chemistry of geologic materials and water were addressed by 
placing sample locations throughout background areas at the Plant The goal of evaluating temporal variations 

in water chemistry has not yet been achieved because at least two years of quarterly data are needed 

Revision of the background report will continue as additional background data are collected 
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TABLE 2-7 

SOIL TYPES AT THE 881 HILLSIDE AREA 

Ser 1 eo // Fmi ly 

Denver Torrertic Arguirtolls 

Denver-Kutch lorrertic Arguistolls 

Denver -Kutch-Widway Torrertic Arguistolls 

F la t i r m  Aridic Paleustots 

Haverson Uttic Torriflwents 

Leyden-Primen-Standley AridZc Arguistolls 

w 1 dway Ustic Torriorthents 

Nederland Aridic Arpuietolls 

N V n  Aridic Arguistolls 

N V n  Aridic Arguistolls 

11 Stadlay-Nun I Aridic Arguirtolls 

Uillonnan-Leyden Aridic Arguirtolls 

Mi n-Wax 
stope Infiltration So i l  

Phase (XI Rate Type* 

clay town 5-9 rlow 27 

clay town 5-9 r lw 29 

clay loam 9-25 slow 31 

sandy town 0-3 rlow 45 

loam 0-3 moderate 60 

cobbly 
clay loun 15-50 slow 80 

clay loam 9-30 slow 98 

sandy town 15-50 moderate 100 

clay loam 0-2 Slow 102 

c l ry  loam 2-5 slow 1 03 

gravelly 0-5 slou 149 
clay tom 

clay tom 9-30 moderate 174 

Soil Type n n k r  corresponds to ro i l  type exhibited in Figure 2-9 
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The boundaries of background variability were quantifted through the calculation of tolerance intervals 
assuming a normal distribution Assumptions and statistical analyses of the background tolerance Intewals 

are presented In Rockwell Jntematbnal (l-) The upper limit of the tolerance interval or the maximum 

detected value for each parameter analyzed In background ground-water, surface water, sediment, and 
geologic samples are prarided in Tables 2-8 through 2-11, respectively Maximum detected values are 

provided where there were insufficient data to calculate tolerance intervals This condition resulted from either 

an insufficient number of samples, or an insufficient number of detectable concentrations for a given analyte 

Background samples initially were not analyzed for EPA Contract Laboratory Program (W) Target Compound 
List (TCL) organics, because the background areas are outsMe of potentially contaminated areas However, 

as of first quarter 1990, groundwater and surficial water samples are being collected in background areas for 
vdatile organic analysis 

0 

To assess the presence of inorganic contamination at the 881 Hillside Area, site-specific chemical data are 

compared to the background tolerance intewds or the maximum detected value if a tolerance interval could 

not be calculated A constituent concentration that is greater than the upper limit of the one-sided 95% 

tolerance interval at the 95% confidence level will be considered to preliminarily represent contamination 

Although not statlstically signtficant, site specffic chemical concentrations above the maximum detected 

background value are considered a very preliminary indication of contamination in the following assessment 

2 3 2 Borehole Sample8 

Phases I and II of the RI for OU No 1 focused on source characteritation of preliminarily identified past waste 

disposal sites Soil samples were collected from boreholes drilled in Rocky Flats Alluvium, colluvium, and 

weathered daystone in 1987 in order to characterize the IHSSs Figure 2-1 shows Phase I and ii Ri borehole 
sampling locations These soil samples were analyzed for the parameters listed in Table 2-1 2 Table 2-1 3 lists 
881 Hillside borehole sampling information including sample depths, material sampled, and target IHSSs Soil 
sampling results are presented in Appendix A 

A 1990 IM/IRA investigation included a geotechnical investigation along the proposed french drain and influent 

and effluent lines (EG&G, 1991a) Soils were discretely sampled for analysis of volatile organic compounds 

(VOCs) and composite sampled for metal, radionuclide, semivdatile, and pesticMe/PCB analysis The 
presence of toluene in the soil samples from numerous intervals of the french drain boreholes represents the 

most significant indication of VOCs in the Immediate vicinity of the french drain Toluene was not detected in 
Phase I or II investigations Soil sampling results for the french drain investigation are presented In Appendix B, 
and borehole locations are shown in Figure 2-2 

1. 
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T M l E  2-12 
PlUEE I AYD PHASE I1 RI 

0011 SnWLIyG 

llETALS 
Hazardous SuktU'Ca List MtalS 

Aluninun 
Antimony 
Arreni c 
Brriun 
Beryl 1 i un 
CKcniUn 
Calciun 
Chromiun 
Cobalt 
Copper 
Iron 
Lead 
Mapnasiun 
Manganese 
Mercury 
Nickel 
Potassrun 
Seleniun 
Silver 
Sodlun 
Thall t u n  
Tin 
Vamdiun 
zinc 

Other Metals 
Chromiun (hexavalent 1 
Chromiun (trivalent) 
Lithiun 
Strontiun 

dllwIIcs 
Hazardow, Suktanccs List - -  Volrtiles 

Chloranethane 
Bromomethene 
Vinyl Chloride 
Chlorocthlnc 
Methylene Chloride 
Acetone 
Carbon Disulf rde 
1,1 -Di ch lorocthene 
1,l-Dichloroctham 
trans-1,2-Dichlorocthme 
Chloroform 
1,2-Dich lorocthane 
2-Butmonc 
1,1 ,l-Trichlorocthane 
Carbon Tetrachloride 
Vinyl Acetate 
Bramodichloromethane 
1,1,2,2-Tetrachlorocthane 
1,2-Dich loropropane 
truiw-l,3-Dichloropropcnc 
Trichlorocthene 
DibranochLoromethane 
1,1,2-Trichlorocthane 
BUltm 
cis-1 ,J-Dichloropropene 
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ORWJICS (QlwT.) 
nazardous Suktwrces List - Volatiles (Continued) 

2-Chlorocthyl Vinyl Ether 
B r m f o r n  
2 - H a x m  
6-kthyl -2-pcntmm 
Tatrrchloroathcnc 
Toluene 
Chlorobenzene 
Ethyl Benzene 
Styrene 
Total xylenes 

nazardwr Suktonces List - -  Semi-Volrtilts 
N-Ni trosodimthylomine 
P h m l  
Aniline 
bi s(2-Ch 1 oroethyl )ether 
2-Chlorophmol 
1 ,3-Dichlorobenzene 
1,4-DichlorobenZene 
Benzyl A h h o l  
1,2-Dichlorokntene 
Z-kthylphmol 
bir(2-Chloroisopropy1 )ether 
4-Wcthylphmol 
I-nr troso-Dipropy\uninc 
Hexach loroethane 
Nitrobenzene 
lsophorone 
2-Ni trophenol 
2,6-D1mthylph~ol 
Benzoic Acid 
bis(2-Chloroethoxy)nthane 
2,4-Dichlorophcrol 
l,2,4-TrichloroC#nzme 
naphtrtanc 
4-Chlorooni line 
Hexach Lorobutrdi cnc 
4-Chloro-3-uthylphal (parr-ch loro-meta- cresol 
2-llethylnaphthalene 
nax~hlorocyclopentrdi me 
2,4,6-Trichlorophanol 
2,4,5-Trichlorophmol 
2-Ch LoroMphthrlene 
2-Ni troeni I ine 
Dimethyl Ph tho Late 
Acwmphthylene 
3-Nitroaniline 
Acmaphthene 
2,4-Dini trophenol 
4-Ni trophenol 

2,4-Dinitrotoluene 
2,6-Dini trotoluene 
Diethylphthalate 
6-Chlorophenyl Phenyl ether 
Fluorene 
6-Nitroeni line 
4,6-Dinitro-2-rrthylphaool 

D i h 2 O f  WM 
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Qllillwlcs ~OQCT.) 
Hazardaur Slbtancrc List - -  Semi-Volatiler (Continued) 

I-ni trosodiphanylnine 
4-Branoph.yl Phenyl ether 
Hewchlorobenzm 
Pentuh lorophenol 
P h m t h r m  
Anthrum 
Di -n-butylphthalate 
F luoranthm 
Bent i di ne 

Butyl Benzyl Phthalate 
3,31-Dichloroknzidine 
Benzo( r).nthrrcerie 
bi r(2-ethyl hexyl )phtha Late 
C h m m  
Di-n-octyl Phthalate 
Benzo(b)f Luoranthene 
Bemo(k)f Luoranthmc 
Bento(a)pyrm 
I n d m o ( 1  ,2,3-~d)pyrm 
Diknz(8, h )anthracene 
Benzo(g,h, i)perylene 

alpha-BHC 
beta-BHC 
dalta-BHC 
g w - B H C  (Lincbne) 
Heptachlor 
Aldrin 
Heptachlor Epoxide 
Endowlfan I 
Di eldr i n 
4,4 ’ -DOE 
Endrin 
Endosulfan I I 
4,C ’ -DDD 
Endrin Aldehyde 
Endosulfan Sulfate 
4,4‘ -DDf 
Endrin Ketone 
Methoxychlor 
Ch 1 or- 
Toxaphene 
AROCLOR - 1016 
AROCLOR-1221 
AROCLOR-1232 
AROCLOR - 1242 
AROCLOR-1254 
AROCLOR-1260 

Pvr- 

Hatardous Stbtmcao List - -  Pestici&s/PCaS 

AROCLOR-I~~~ 

Other Orgmico 
O i l  and Crease 
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IIIDIQIICLIDES 
Gross ALphr 
Gross Bot8 

kmericim 241 
PLutonim 239+240 
Strontiun 89 + 90 
Ceslua 137 
Tritiun 

U r M l w m a ,  235 .nd 238 

OTHER 
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2 3 2 1  @an nic C o m  

Prior analyses of organic constituents in soils at the 881 Hillside have provkled qualitative data indicating the 

presence of methylene chlorlde, acetone, and phthalates in most samples, and tetrachloroethylene (PCE), 

trichloroethene (TCE), 1,l ,l-trichloromethane (ill ,l-TCA) at a few boreholes (Rockwell International, 1988a) 

These data were rejected during data validation primarily due to small sample size, and there are remaining 
uncertainties regarding laboratory contamination of methylene chloride, acetone and phthalates Thus, the 

Phase I and Phase II Ris cannot provide quantltathre definition of organic contaminants in the sols These data 

do, however, provide a qualitathre indication of the spatiel distribution of organic contamination in the soils and 

the relative magnitude of the contamination Future analyses will provide quantitative data 

With respect to the Phase I and Phase II Rls, methylene chloride and acetone were in many of the laboratory 

blanks, however, the use of an inappropriately small sample aliquot for soil analysis prevents conclusions as 
to whether these organics are contaminants of the soil The phthalate contamination may have resulted from 

sample handling although no testing has been performed to verify this hypothesis, and some phthalate levels 

are high The avaUable data cannot prove or disprove laboratory contamination for these samples Other 

evidence that supports the contention of laboratory artifact indudes the absence or infrequent occurrence of 

methylene chloride and acetone in ground water These contaminants are very mobile and dubie VOCs in 

the ground water of the 881 Hillside are concentrated in two areas which are close to IHSSs and upgradient 

of the french drain The principal ground-water contaminants are PCE, TCE, carbon tetrachloride (CCI,), and 

their degradation products Tduene is not a charactenstic ground-water contaminant at the 881 Hillside Area, 
the highest of the three 'detectable' toluene results in the 1988 Rockwell International RI/FS study was 2J pg/O 
CJ' signifies that the analyte was estimated below detection limit) 

Tduene, methylene chloride, and acetone were the only VOCs detected in the boreholes drilled during the 

french drain investigation (Table 2-14) Toluene is the most significant contaminant of this group because it 

occurs at multiple intervals in the majority of borehdes at concentrations ranging up to 1200 pg/kg (at 
B303390) Methylene chlorrde and acetone, in contrast, typically occur at relatlvely low concentrations (less 

than five times the detection limit) and are present in laboratory blanks, and therefore may not indicate actual 

soil contamination, but a laboratory containment Higher concentrations in boreholes 8300190 and 8300290 

may represent true contamination according to CLP criteria for evaluating low levels of these compounds 
Trichloroethane was reported at 1 J pg/kg for only one sample in one borehole (8301090) and is therefore not 
considered a contaminant of concern 

The distribution of tduene in the french drain boreholes does not show horizontal or vertlcai gradients over 

the depths sampled (up to approximately 20 feet) (Table 2-15) However, several of the samples with the 

highest concentrations (>400 pgp) were collected within the top four feet of soil, along the proposed french 

a 
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e Borehole 
Nurkr - 
83001 90 
8300190 
83001 90 
83001 90 
83001 90 
83001 90 
83001 90 
83001 90 
8500290 
8300290 
8300290 
8300290 
8300290 
8300390 
8300390 
8300390 
8300390 
8500490 
8300490 
8300490 
8300490 
8300690 
8300590 

8300690 
8300790 
8300790 
8300790 
8300890 
8300890 
8300890 
8300890 
8300890 
8300990 
8300990 
8300990 
8300990 
6300990 
8500990 
8301090 
8301 090 
8301090 
8301090 
8301090 
8301 090 
8301190 

Svlplc 
N u k r  

83001 900006 
8uK119OOOO6D 
8~1oooo02  
83001 900204 
83001 900406 
830019006W 
83001 900608 
83001900810 
8300290(1002 
83002900206 
83002900606 
83- 
8300290081 0 
83003900203 
83003900305 
83003900507 
83003900810 
83004900002 
83006900204 
83004900406 
83006900607 
85006900709 
83005900003 
83005 900305 
85006900002 
83006900203 
83007900002 
8300790000zD 
83007900204 
83008900002 
83008900204 
830011900406 
830W900810 
B30oL190t 01 2 
83009900002 
83009900204 
83009900406 
83009900608 
8300990081 0 
830O9901012 
8301 0900607 
830 10900708 
8301 0901 4 1 5 
83010901517 
83010901719 
B3010901921 
83011900002 

~ ~ 

TABLE 2-16 

Toluono Concontration8 i n  
Fronch 

Date 
Col lrted 

Drain Boroholo 88mplos 
a t  Rocky F l a t 8  

Depth 
lncrant (ft ) 

Srnplc 
fypc 

Toluene. 
Concentration ( W o )  

02/02/90 
02/02/90 
02/02/90 
02/02/90 
02/02/90 
02/02/90 
02/05/90 
02/05/90 
02/05/90 
02/05/90 
02/05/90 
02/05/90 
02/05/90 
02/07/90 
02/07/90 
02/07/90 
02/07/90 
02/09/90 
02/09/90 
02/09/90 
02/09/90 
02/09/90 
02/09/90 
02/09/90 
02/09/90 
02/09/90 
02/w/90 
02/09/90 
02/09/90 
02/12/90 
02/ 12/90 
02/12/90 
02/12/90 
02/ 12/90 
02/12/90 
02/12/90 
02/ 12/90 
02/12/90 
02/12/90 
02/12/90 
02/12/90 
02/12/90 
02/ 16/90 
02/ 16/W 
02/16/90 
02/16/90 
02/22/90 

0 00 - 6 00 
0 00 - 6 00 
0 00 - 1 20 
2 0 0 - 3 8 0  
4 00 - 6 00 
4 0 0 - 6 0 0  
6 00 - 8 00 
8 00 - 9 90 
0 0 0 - 1 0 0  
2 00 - 3 10 
4 00 - 5 90 
6 00 - 7 50 
8 00 - 10 00 
2 00 - 2 90 
3 00 - 4 70 
5 00 - 6 SO 
8 00 - 10 00 
0 00 - 1 00 
2 00 - 3 80 
4 00 - 5 40 
6 00 - 7 00 
7 00 - 8 50 
0 00 - 0 40 
3 00 - 4 20 
0 00 - 1 80 
2 00 - 2 60 
0 00 0 50 
0 00 - 0 50 
2 0 0 - 3 9 0  
0 00 1 00 
2 00 3 40 
4 0 0 - 5 8 0  
8 00 - 10 00 
10 00 - 12 00 
0 00 1 70 
2 00 - 3 70 
4 00 - 5 70 
6 00 - 8 00 
8 00 - 10 00 
10 00 - 11 00 
6 00 - 6 60 
7 50 - 8 00 
14 00 - 15 00 
15 00 - 16 30 
17 00 - 19 00 
19 00 - 21 00 
0 00 2 00 

CLAYEY SANDY SILT 
CLAYEY SANDY SILT 
SANDY GRAVELLY CLAY 
SILTY SANDY CLAY 
CLAYEY SANDY SILT 
CLAYEY SANDY SILT 
SILTY CLAYEY SANDSTONE 
SILTY CLAYEY SANDSTONE 
GRAVELLY SANDY CLAY 
SANDY CLAY 
SILTY SANDY cur 
SILTY SANDSTONE 
SILTY CLAYSTONE 
GRAVELLY SANDY CLAY 
SANDY CLAY 
SANDY CLAY 
SANOY CLAY 
SILTY SANDY CLAY 
SANDY CLAY 
SILTY CLAY 
SILTY CLAY 
CLAY STONE 
SANDY GRAVELLY CLAY 
SANDY CLAY 
GRAVELLY SAND/CLAY 
GRAVELLY SAND/CLAY 
GRAVELLY SANDY CLAY 
GRAVELLY SANDY CLAY 
SANDY CLAY 
GRAVELLY CLAY 
SILTY CLAY 
SILTY CLAY 
SILTY CLAY 
SILTY CLAY 
GRAVELLY SILTY CLAY 
GRAVELLY SILTY CLAY 
GRAVELLY SANDY CLAY 
GRAVELLY SANDY CLAY 
GRAVELLY SANDY CLAY 
GRAVELLY SANDY CLAY 
GRAVELLY SILTY SAND 
GRAVELLY SILTY SAND 
GRAVELLY CLAYEY SAND 
GRAVELLY CLAY 
CLAY 
CLAY 
SANDY CLAY 

9 
11 
61 
640 
79 
I50 
120 
13 
93 
33 
58 
140 
57 
99 
140 
130 
270 
860 
180 
150 
110 
160 
190 
41 
110 
200 
410 
190 
210 
140 
220 
180 
15 
190 
25 
270 
150 
270 
220 
40 
460 
220 
240 
230 
160 
260 
150 

E 

E 

E 
E 

B Present in Blank J - Qumtitation approximate t # s d  on QC review E - Exceeds calibration range, dilute/rcanalyzc e 
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TABLE 2-15 (Continued) 

Toluana Conoontration8 in 

Borehole 
N d r  

8301190 
8301190 
8301 190 
8301190 
8301 190 
8301 190 
8301 190 
8301 190 
8301190 
8301 190 
8301290 
8301 290 
8301290 
8301390 
8301390 
8301390 
8301390 
8301490 
8301L90 
830 1490 
8301490 

830 1490 
8301590 
8301590 
8301590 
8301590 
8301590 
8301590 
830 1690 
8301690 
8301690 
8301690 
8301690 
8301690 
830 1690 
8301690 
8301690 
8301690 
8301790 
8301790 
8301790 
8301790 
8301790 

Snplc  
N u k r  

830119000020 
8301 1900204 
83011900406 
8301 19O0608 
8301 1900810 
B3011901012 
83011901214 
83011901~16 
83011901618 
8301 1901820 
83012900002 
8301 2900204 
B3012ooo1t06 
830 13900002 
83013900204 
83013900406 
83013900608 
8301&900304 
83014900406 
E3014900608 
83014900810 
83014901012 
83014901214 
83014901416 
B30149010120 
0301 5900002 
8301 fWO2W 
E3015900406 
8301 5900708 
8301 590 101 2 
8301 590 1214 
83016900002 
83016900204 
83016900406 
8501 6900608 
830169O0810 
83016901 01 2 
8301 690 121 4 
830 1690 14 16 
83016901618 
8301 690 1820 
E3017900002 
8301 7900204 
83017900406 
83017900608 
8301 790081 0 

Praneh 

D8tc 
cot 1ect.d 

Dr8in Boraholo 8mpl.S 
at Rocky Flats 
(Continuod) 

Depth 
Incrment ( f t  ) 

02/22/90 
02/22/90 
02/22/00 
02/22/90 
02/22/00 
02/22/90 
02/22/90 
02/22/90 
02/22/90 
02/22/90 
02/26/90 
02/26/90 
02/26/90 
02/26/90 
02/26/90 
02/26/90 
02/26/90 
02/26/90 
02/26/90 
02/26/90 
02/26/90 
02/26/90 
02/26/90 
02/26/90 
02/26/90 
03/19/90 
03/19/90 
03/19/90 
03/19/90 
03/ 19/90 
03/19/90 
03/19/90 
03/19/90 
03/19/90 
03/19/90 
03/19/90 
03/ 19/90 
03/19/90 
03/19/90 
03/19/90 
03/19/90 
03/20/90 
03/20/90 
03/20/90 
03/20/9Q 
03/20/90 

0 00 - 2 00 
2 00 - 3 50 
4 0 0 - 6 0 0  
6 00 - 8 00 
8 00 - 10 00 
10 00 - 12 00 
12 00 - 14 00 
14 00 - 1s 10 
16 00 - 16 90 
18 00 - 18 70 
0 0 0 - 0 9 5  
2 0 0 - 3 6 0  
4 00 - 6 00 
0 00 0 70 
2 00 - 4 00 
4 00 - 4 90 
6 00 - 6 80 
3 00 - 3 90 
4 00 - 5 30 
6 00 - 8 00 
8 00 - 9 70 
10 00 11 90 
12 00 - 13 70 
14 00 - 15 60 
10 00 - 11 90 
0 00 - 2 00 
2 00 - 3 10 
4 00 - 4 70 
7 00 - 7 70 
10 00 - 11 00 
11 50 13 00 
0 00 - 2 00 
2 00 4 00 
4 00 - 6 00 
6 00 - 8 00 
8 00 10 00 
10 00 - 12 00 
12 00 - 13 70 
14 90 15 90 
16 90 18 90 
18 90 19 90 
0 00 - 1 50 
2 00 - 2 50 
4 00 - 5 90 
6 00 - 8 00 
8 00 - 10 00 

Smplc Toluene* 

Typa Contrntrrtion (ug/g) 

SANDY CLAY 220 
SANDY CLAY 100 
SANDY CLAY 160 
SAND AND CLAY 37 
SILTY CLAY AND SAND 57 
SILTY CLAY AND SAND 28 
SILTY CLAYEY SAND 77 
SILTY GRAVELLY SAND 29 
GRAVELLY SANDY CLAY 84 
GRAVELLY SANDY CLAY 130 
CLAYEY SILT 130 
SANDY CLAYEY SILT 150 
SANDY CLAYEY SI LT '130 
CLAYEY SILT 610 
SANDY CLAY 120 
CLAYEY SAND 240 
SILTY CLAY 130 
SILTY CLAY I20  
SI LTY CLAY 67 
SILTY SANDY CLAY 91 
SANDY CLAYEY SILT 26 
SILTY CLAY 120 
CLAY AND SAND 66 
SILTY CLAY 51 
SILTY CLAY 1 70 
SILTY CLAY 200 
SILTY CLAY 230 
SILTY CLAY 70 
SILTY CLAY 200 
GRAVELLY CLAY 57 
CLAY 270 
SILTY CLAY 460 
SILTY CLAY 160 
SILTY CLAY 300 
CLAYEY SILT 230 
CLAYEY SILT 250 
SLITY CLAY 200 
CLAYEY SILT TO SILTY CLAY 99 
GRAVELLY SILTY CLAY 240 
GRAVELLY SILTY CLAY 220 
SL I TY CLAY 230 
SILTY CLAY 7 J 
SILTY CLAY 30 J 
SILTY SANDY CLAY 23 
SILTY SANDY CLAY 20 
SILTY CLAY 11 J 

Rejected data cxcLudcd 
B - Present i n  Blonk J Ownti tat ion ~ p p r o x i m t e  b s c d  on QC review E Exceeds celibrat1on range, dlLute/reanalyze 0 
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TABLE 2-15 (Continued) 

Toluono Coaaontr8tion8 in 
Pronah Drain Boroholo 88mplos 

(Coatinuod) 
8t ltoaky F1.t. 

Borehole 
Nunkr - 
8301790 
8301 Too 
8301 790 
8301790 
8301890 
8301 890 
8301890 
8301890 
8301890 
8301690 
8301890 
8301890 
8301890 
8301890 
8301990 
8301990 
8301990 
8301 990 
8301990 
8301990 
8301 990 
8301 990 
8302090 
8302090 
8302090 
8302090 
8302090 
8302090 
8302090 
8302090 
6302090 
8302090 
8302190 
B302190 
8302190 
8302190 
8302190 
8302 190 
8302190 
8302190 
8302190 
8302190 
8302190 
8302190 
8302190 
8302 190 

S u p l r  
N h r  

Date 
cot lected 

Depth 
Increment ( f t  1 

Suplc 
Typa 

Toluene* 
cwmtration (ug/g) 

B3017901012 
83012901213 
83017901515 
8301 mwD 
B301m002 
83018900204 
83018900&06 
83018900608 
83018900610 
83018901012 
83018901214 
8301890 1 4 16 
83018901618 
83018901820 
83019900002 
83019900204 
83019900106 
83019900608 
830199ooMuIo 
B3019901416 
83019001718 
83019901819 
83020900002 
83026000204 
83020900406 
83020900608 
8302O900810 
8302O901012 
83020901214 
8302O9014 16 
B3020901618 
83020901921 
83021900204 
83021 900204D 
8302 1900406 
83021 900608 
83021 900810 
83021901012 
83021901214 
83021 901 616 
83021 90 1618 
83021 901 820 
83021902022 
83021 902224 
83021 902426 
83021902628 

03/20/90 
03/20/90 
03/20/90 
03/20/90 
03/20/90 
03/20/90 
03/20/90 
03/20/90 
03/20/30 
03/20/90 
03/20/90 
03/20/90 
03/20/90 
03/21 /90 
03/21/90 
03/21/90 
03/21/90 
03/21 /90 
03/21/90 
03/22/90 
03/22/90 
03/22/90 
03/22/90 
03/22/90 
03/22/90 
03/22/90 
03/22/90 
03/22/90 
03/22/90 
03/22/90 
03/22/90 
05/22/90 
06/25/90 
06/25/90 
06/25/90 
06/25/90 
06/25/90 
06/25/90 
06/25/90 
06/25/90 
06/25/90 
06/25/90 
06/25/90 
06/25/90 
06/25/90 
06/25/90 

10 00 - 12 00 
12 00 - 13 00 
13 00 - 15 00 
4 0 0 - 5 9 0  
0 00 - 1 00 
2 0 0 - 4 0 0  
4 00 - 6 00 
6 00 - 8 00 
8 00 - 10 00 
10 00 - 12 00 
12 00 - 14 00 
14 00 - 16 00 
16 00 - 18 00 
18 00 - 20 00 
0 0 0 - 1 6 0  
2 00 - 4 00 
4 00 - 6 00 
6 00 - 7 50 
6 00 - 7 50 
16 30 - 16 30 
17 00 - 17 70 
17 70 - 18 70 
0 00 - 0 70 
2 00 - 3 40 
4 00 5 10 
6 0 0 - 7 6 0  
8 0 0 - 9 6 0  
10 00 - 11 90 
12 00 - 13 00 
14 00 - 16 00 
16 00 - 17 20 
19 00 - 19 80 
2 00 - 4 00 
2 00 4 00 
4 00 6 00 
6 00 - 8 35 
8 35 - 10 35 
10 3s - 12 35 
12 35 - 14 35 
14 35 - 16 30 
16 30 - 18 30 
18 30 - 20 30 
20 30 - 22 70 
22 70 - 24 30 
26 70 - 26 70 
26 90 - 28 40 

SILTY CLAY 
SILTY CLAY 
SILTY CLAY 
SILTY SANDY CLAY 
SILTY CLAY 
CLAY 
SILTY SANDY CLAY 
SILTY SANDY CLAY 
SILTY CLAY 
SILTY CLAY 
SILTY SANOY CLAY 
SI LTY CLAY 
SILTY CLAY 
SI LTY CLAY 
SILTY CLAY 
SILTY CLAY 
SILTY CLAY 
SILTY CLAY 
SILTY CLAY 
GRAVELLY SILTY CLAY 
SANDY CLAY 
SAND TO CLAYEY SAND 
CLAYEY SAND 
SILTY L GRAVELLY CLAY 
SILTY CLAY 
SILTY CLAY 
SILTY CLAY 
SILTY CLAY 
SILTY CLAY 
SI LTY CLAY 
SILTY CLAY 
SILTY CLAY 
GRAVELLY SITLY SAND 
GRAVELLY SITLY SAND 
SAND AND CLAY 
SILTY CLAY 
SILTY CLAY 
CLAY 
SILTY CLAY 
SILTY CLAY 
SILTY CLAY AND TOPSOIL 
SILTY CLAY 
SILTY CLAY 
SILTY CLAY 
SILTY CLAY 
SILTY CLAY 

8 J 
6 J 
10 J 
15 
160 8 
280 8 
150 B 
180 8 
200 8 
240 8 
130 8 
9 J 
8 J 
27 
52 
290 
98 
260 
330 
31 
40 
37 
110 
150 
110 
110 
110 
150 
160 
190 
110 
150 
39 8 
53 8 
24 8 
10 
42 B 
27 8 
44 8 
47 8 
78 8 
170 B 
67 B 
51 8 
60 B 
39 B 

B Present in  BLank J - Ouantitrtron approximte based on OC review E - Exceeds calibration range, dl~Ute/reanalyze 

0 
- 
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Borehole 
Nurkr 

Srnple 
Nirnkr 

~ -~ 

TABLE 2-11 (COntkKled) 

Toluoao Coaoontr8tion8 in 
?roach Drain Boroholo Oamplorr 

(Continuod) 
8t Rooky Ir1.t. 

Date 
COl k t e d  

Depth 
lncrrnmt (ft 1 

Toluene* 
Concentration (UQ/Q) 

8302 190 
8302290 
8302290 
6302290 
8302290 
8302290 
8302290 
E302290 
E302290 
8303 190 
8303390 
8303390 
8303390 
8303390 
8303390 
8303490 
8303490 
8303690 
8303590 
8303590 
8303590 

8303590 
P302390 
P302490 
P302L9O 
P302590 
P302690 
P302790 
P302890 
P302990 
P303290 
P303290 

83021900002 
B302ZOOOOO2 
Bu)229O0204 
Bu)2zooo406 
83022900600 
B30upow10 
830229008100 
B30229O 1 0 1 2 
830229O1214 
83031 900204 
83033900002 
830339000020 
83033900204 
83033900006 
83033900608 
83034900002 
850349000020 
83034000204 
83035900002 
83035900204 
B3035900507 
83035900709 
83035900011 
83035909213 
83035901618 
P3023900507 
P3024900204 
P30249002040 
P3025900305 
P3026900204 
P3027900204 
P3028900204 
83029900204 
83032900204 
830329002040 

06/25/90 
06/26/90 
06/26/90 
06/26/90 
06/26/90 
06/26/90 
06/26/90 
06/26/90 
06/26/90 
07/09/90 
07/11/90 
07/11/90 
07/11 /90 
07/11/90 
07/11 /90 
07/11/90 
07/ 1 1 /90 
07/11/90 
07/12/90 
07/12/90 
07/ 1 2/90 
07/ 1 2/90 
07/12/90 
O?/ 12/90 
07/ 12/90 
06/27/90 
06/21/90 
06/28/90 
06/29/90 
07/02/90 
07/02/90 
07/03/90 
07/06/90 
07/ 10/90 
07/10/90 

0 0 0 - 2 0 0  
0 00 - 2 00 
2 00 - 4 00 
4 00 - 6 00 
6 00 - 0 00 
000 - 1000 
0 00 - 10 00 
10 00 - 12 30 
12 30 - 14 50 
2 00 * c 00 
0 00 - 2 00 
0 00 - 2 00 
2 00 4 00 
0 00 - 5 50 
5 50 - 0 00 
0 00 - 2 00 
0 00 - 2 DO 
2 00 - 4 00 
0 00 - 2 00 
2 00 - 4 00 
4 40 - 7 70 
7 70 - 9 70 
970 - 1 1  70 
1 1  To - 13 50 
16 10 - 17 00 
5 50 - 6 20 
2 00 - 3 00 
2 00 - 3 00 
3 00 - 5 00 
2 00 - 4 70 
2 00 - 3 70 
2 00 - 4 00 
2 00 - 4 00 
2 00 * 4 00 
2 00 4 00 

SILTY CLAY 
GRAVELLY SILTY SAND 
GRAVELLY SILTY SAND 
SI LTY CLAY 
S I LTY CLAY 
SILTY CLAY 
SILTY CLAY 
SI LTY CLAY 
SILTY CLAY 
SANDY SILTY CLAY 
SILTY SANDY CLAY 
SILTY SANOY CLAY 
SILTY SANDY CLAY 
SILTY SANDY CLAY 
SANDY SILTY CLAY 
SILTY SANDY CLAY 
SILTY SANDY CLAY 
SILTY CLAY 
SILTY CLAY 
SILTY CLAY 
SI LlY CLAY 
SILTY CLAY 
SILTY CLAYSTONE 
SILTY CLAYSTONE 
SILTY CLAYSTONE 
GRAVELLY CLAY 
SANO YITW GRAVEL 
SAND YlTH GRAVEL 

CLAYEY GRAVELLY SAND 
GRAVELLY SANOY CLAY 
SILTY CLAY 
SILTY CLAY 
SILTY SANOY CLAY 
SILTY SANDY CLAY 

21 
290 
100 
0 
420 
220 
310 
410 
100 
22 
170 
1200 
09 
5 
5 
730 
360 
120 
270 
160 
43 
13 
190 
110 
71 
15 
TI 
42 
77 
110 
100 
9 
1 
23 
190 

8 
8 
6 
B 
B 
B 
8 
B 
8 

J 

8 

8 
8 
8 
8 
8 
8 
8 

J 

Rejected data excLuded 
6 Present in Blank J Ouantitation approximate b s e d  on oc revleu E - Exceeds calibrrtlon range, dllute/reanalyre 
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drain alignment High within-hde fluctuations generally indicate a random vertical distribution of toluene based 

on these data Fieid, trip, and laboratory blanks did not contain toluene, nor did rinsate blanks of the hollow 

stem auger used in drilling, and of the stainless steel cylinders used for sampling inside the coring device (field 

and trip blank data are provided in Appendbc C of the IM/IRA implementation document) (EG&G, 1991a) 

- 

it has been hypothesized that Coherex is the source of the tduene observed during the French Drain 
Geotechnical Investigation Coherex has been used as a dust suppressant/soil stabilizer both before and 
during the Phase I and Phase II RI field activities of 1986 and 1987 The Material Safety Data Sheet (MSDS) 

for Coherex does not discuss tduene as a component but mentions petroleum distillates as a major 

constituent, so toluene may be a product of degradation Tduene may also have been used as a thinning 

agent to reduce the viscosity of the Coherex before application Several proposed tests to confirm Coherex 

as the tduene source are being discussed In addition, boreholes will be drilled and sampled to evaluate the 

extent of the tduene contamination downgradient of the 881 Hillside as discussed in Section 5 0 

Two semi-vdatile compounds were detected in french drain samples (EG&G, 1991a), although only bis(2- 
ethylhexyl)phthalate was a common constituent (Table 2-1 6) Bis(2-ethylhexyl)phthalate typically occurred at 

concentrations between 40-100 pg/kg, was estimated below the detection limit (flagged 'J"), and was present 
in the blank (flagged 9") The maximum concentration was 1400 B pg/kg in 6301590 The presence of this 
compound is consistent with previous Investigations of the 881 Hillsde, and similarly involves some uncertainty 
as to whether there is actual phthalate contamination or that the contamination is due to sample handling This 

latter possibilrty will be tested in the Phase 111 remedial investigation of the 881 Hillside, but does not directly 

influence plans for the interim action 

Volatile chlorinated hydrocarbon contamination is apparently not extenstve It occurred in soils from only 3 

of the 23 RI borehdes [BHOl-87 (IHSSs 107and 177), BH57-87 (IHSS 119 l), and BH58-87 (IHSS 119 2)] The 

highest concentrations detected were tetrachloroethene (PCE) at 190 micrograms per kilogram (pg/kg) in 
BHOl-87, trichloroethene (TCE) at 150 pg/kg in BH58-87, and 1 ,l ,1 4richloroethane (1,1,1 -TCA) at 1 10 pg/kg 
in BH58-87 Much lower concentrations (below or near detection limit) were reported for BH14-87 (TCE) 

8H12-87 (PCE), and 8H61-87 (l,l,l-TCA) 

Boreholes will be drilled and samples collected from all IHSSs for organic analysis during the Phase 111 RFI/RI 

An objective of this program will be to determine whether methylene chloride, acetone, and phthalates are soil 

contaminants Other objectives include verification of IHSS locations, assessment of the vertical and 
horizontal distribution of organic contamination including tduene, and identification of maximum concentrations 

of contaminants in suspended 'hot spots" 
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Borehole 
WlAkr 

63001 90 
B300#0 
B3008VO 
8301190 
8301590 
8301590 
8301590 
E30 1690 
8301690 
E301690 
8301690 

Table 2-16 

Semivolatile Organic Compound Concentrations* in 
French Drain Borehole Samples 

at Rocky Flats 
All Concentrations in ug/g 

Svlple Date Depth 
Y u k r  Col lretd Inr.mt (ft ) W r r n  

bis(2-fthylhexyl) 
Phthalate 

B3001#KwN16 
13- 
13ooovoo406 
630 14poW12 
s501590QoO1c 
830159004OB 
1301 SWW12 
030149ooc~ 
13016900612 
13016901216 
13016901620 

02/02/90 
02/12/90 
02/12/90 
02/26/90 
03/19/90 
03/ 1 9/ 90 
03/19/pO 
03/19/90 
0 3 m m  
03/19/90 
03/19/90 

0 0 0 - 6 0 0  
0 0 0 - 3 4 0  
4 0 0 - 8 0 0  
8 O o - l l 9 0  
o w - 3 1 0  
4 0 0 - 7 1 0  
10 00 - 12 00 
1 0 0 . 8 0 0  
8 0 0 - 1 2 0 0  
12 00 - 15 90 
16 90 - 19 90 

61 

40 
52 
1100 
1200 
4s 
43 
46 
40 
51 

10 J 
J 

J 
J 
B 
B 
JB 
JB 
JB 
JB 
JB 

Present In Blmk J - Qurntitat~on approxlnrte brad on at reviw E - Exceeds catibrrtion range, dilutclrcrnrlyrc 
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In general, metal concentrations In soil samples from Rocky Flats Alluvium, colluvium, and claystone were 

within background levels Trace metals which occurred above background in these three materials include 

antimony (3%). arsenic (a%), mercury (6%), cadmium (61%), manganese (l%), and barium (7%) Parentheses 

indicate the percent of the samples exceeding the background range The metal data do not demonstrate 

gradlents away from specific IHSSs These generally low concentrations of metals above background and their 

random spatial distnbution does not suggest these metals represent contaminants The metals which do 

exceed background are typically very close to the estimated background levels Arsenic and cadmium are 

possible exceptions, reaching maxima of 24 milligrams per kdogram (mg/kg) and 6 4 mg/kg, respectively 

2 3 2 3 Padionuclidu 

Radionudides are analyzed by counting subatomic particle emissions, which is a random function Since 

radioactwe disintegration is a statistical process and therefore has a probability distribution, results are reported 

as a measured value with an associated two standard deviation propagated error term following the measured 

value Computation of tolerance intervals for radionuclides did not account for the error term associated with 

each datum Techniques are under investigation to account for propagation of error resulting from 

computation For the purposes of this plan, the boundaries of the background variability for radionuclides will 

be the tolerance intervals as computed in the draft Background Geochemical Characterization Report Site 

radionudlde concentrations where the error term is larger than the measured value are below the minimum 

detectable activity (MOA) and are considered not statistically different from background Measured values 

which do exceed their associated counting errors are considered above background if they are greater than 

the upper limit of the tolerance intetval Because this companson does not account for the propagated error 

associated with the upper limit of the background tolerance interval, this yields consewatwe Interpretation of 

the site data It is also noted that the upper limits of the tolerance intervals are similar in magnitude to the 

maximum concentration observed for the data set 

@ 

Table 2-17 presents the percent of samples for each radionuclide detected above background at the surface 

and in the subsurface during the Phase I and II Rls However, samples were cornposited over varying depths 

so the reported values are not representative of a thin surface veneer alone Plutonium and americium were 

only detected above background in surface soils (the maximum concentrations of 0 91 f 0 38 pCi/g and 0 15 
i 0 13 pCi/g, respectively, were diluted by compositing) This contamination is probably derived from the 903 
Pad Area by wind dissemination of plutonium/amencium contaminated dust More recently collected data for 

plutonium, uranium-238, and uranium-233 t 234 concentrations in surface scrape samples are presented in 

Table 2-18 (Lawton, 1989) Sample locations are shown in Figure 2-10 Plutonium concentrations were as high 

as 4 8 pCi/g in surface soils at the 881 Hillside Area These concentrations are typical of surface plutonium 
0 
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TABLE 2-17 

PERCENT OF SOIL SAMPLES WITH RADIONUCUDES ABOVE BACKGROUND 

Radionuclide 

Uranium (Total) 

Plutonium-239 + 240 

Americium-241 

Cesium-1 37 

Tritium 

Percent of Surface 
Samdes Above Backaround* 

Percent of Subsurface 
Samdes Above Bac karound 

6 6 

11 0 

6 0 

17 7 

6 3 

This tabulation represents a minimum number of samples that had radionucldes above background 
because the surface soil samples were compostted over intervals up to several feet in thickness 

Notes 

Tabulation based on Phase I and Phase II RI soil sampling data 

e Surface sample tabulation based on uppermost sample results from each borehde 

Subsurface sample tabulation based on all remaining borehde sample results 

e Sample depths for all boreholes are provlded in Table 2-13 
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TABLE 2-18 

881 HILLSIDE 1988 SURFACE SCRAPE SAMPLING RESULTS 

RADIONUCLIDE CONCENTRATION IN pCi/g 

Sample No Uranium-233 + 234 Uranium-238 Plutonium 

881 -1 
881 -2 
881-3 
881-4 
881 -5 
8816 
881 -7 
881 - 
881 -9 
881 - 
881 -1 1 
881-12 
881 -1 3 
881 -1 4 

881-18 
881-19 

056 f026  
0 78fO 26 
O a f 0 2 6  
1 O i 0 3  

086 f026  
1 5 f 0 3  

074 f026  
0 8 6 i 0 2 6  
3 1 f 0 3  
11 1 f 0 3  
l O f 0 3  

093f026 
094 f026  
1 1 f 0 3  
2 0 f 0 3  
5 0 ~ 1 9 0  

60 f 230 
10i740 

19f74 

0 6 f 0 1 5  
086 f015  
091 f 0  15 
0 9 7 f 0 2  
088 i015  
5 5 * 0 5  

0 75fO 15 
082k015 
10*02  

0 9 8 f 0 2  
1 3 f 0 2  
1 4 f O  
1 3 f 0 2  
1 0 * 0 2  
15k016  
1300f100 
590 f 70 

3000 f 300 
550 f 602 

4 3 * 0 5  
2 4 * 0 2  
4 8 f 0 5  

0 18*0006 
0 59kO 008 

2 2 * 0 2  
063fOO9 
1 8 * 0 2  

047*0006 
3 5 f 0 4  
2 6 * 0 3  
04*006 
0 16k006 
3 0 ~ 0 4  

001 1 0 0 6  
0 3 i 0 0 6  
0 7 8 t 0  19 
042k008 
009*006 

Data from Personal Communication, Richard Lawton, 1989 
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concentrations in this vicinity and to the east within the Piant boundary (Rockwell International, 1987b) High 

uranium concentrations occurred in Samples 16 through 19 Uranium which is used at the Rocky Flats Plant 

is depleted In uranium-233 and uranium-234, and therefore has a uranium-233 + 234 to uranium-238 actwhy 

ratio of less than one The ratio for natural uranium is greater than one The uranium isotope ratios for these 

surface soils indicate the uranium k depleted (low ratio) The contamination presumably resulted from drums 

that had leaked in the past or from past spills 

Referring again to Table 2-17, uranium, cesium, and tritium occur infrequently above background in both 

surface and subsurface samples None of these results exceeded background by more than a factor of two 

above the upper tolerance interval, but the results do not represent the true surface concentrations because 

the samples were cornposited over depth The uranium-233 + 234 to uranium-238 actMty ratios are greater 

than one for most of Samples 1 through 15 (Table 2-18) indicating the natural uranium, but Samples 6,12, and 

13 indkate possible mixing with depleted uranium 

An independent assessment of criticality safety at Rocky flats Plant conducted by Scientech, Inc , found no 

evidence of a criticality at the Rocky Flats Plant This study noted that the levels of cesium-137 activity in the 

Rocky Fiats area are in the range of 0 3 to 0 6 pCi/g averaged over a soil depth of six centimeters based on 

a July 1989 aerral radidoglcal survey of the Plant These values are consistent with world-wide fallout Levels, 
and there is no Indication of cesium 137 deposition due to Rocky Flats Plant operations (DOE, 1989) 

2 3 3 Ground Water 

Ground water at the 881 Hillside occurs in surficial matenah (Rocky Flats Alluvium, cdluvium, valley fill 

alluvium), and in weathered and unweathered bedrock The most significant contarnination is in surficial 

materials, but weathered bedrock is hydraulically connected to the surface matenals and therefore part of the 

contaminated, unconfined flow system Unweathered bedrock is considered part of the confined system The 

discussion of ground-water quality addresses two groups of relatively closely-spaced IHSSs A western group 
includes IHSSs 102,103,105,106,107,145, and 177 The eastern portion of the 881 Hillside includes IHSSs 
119 1. 1192 and 130 

Eight monttor wells were completed in surficlal materlais downgradient of IHSSs 102, 103, 105, 106, 107, 145 

and 177 (51-87, 52-87, 58-86, 69-86, 2-87, 53-87, 54-87 and 59-86R) Wells 1-87 and 68-86 were initially 
considered upgradient of these IHSSs, but water level and chemical data suggest that well 1-87 may be 

sidegradient Ground-water quality in both of these wells is occasionally above background and may be 

affected by Plant acthnties upgradient of the 881 Hillside AddRional upgradient wells will be installed to 
investigate this possibility Well 58-86 was dry at all sampling attempts, and wells 51 -87 and 54-87 were usually 1 dry 
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a Fourteen monitor wells were completed in the surficml materials downgradient of IHSSs 119 1, 119 2 and 130 

(9-74, 10-74, 64-86, 4-87, 5-87, 6-87, 43-87, 47-87, 48-87, 63-86, 44-87, 49-87, 50-87, and 55-87) Several of 

these wells show slgnlficant contarnination Ground-water levels In 6346,4487, and 49-87 were always too 

low to yield samples Well 50-87 was usually dry, but one sample was collected in fourth quarter 1987 I 
Three wells were completed in weathered sandstone (5-87, 62-86 and 59-86), and two were completed in 

unweathered sandstone (3-87 and 45-87) A third deep well (8-87) was completed in lignite (It is grouped with 

the unweathered sandstones In Appendix C) 

All availabie data (fourth quarter 1986 through first quarter 1990) are considered In the following assessment 
which compares site data to the background ground-water quality tderance intervals However, background 

ground-water data are available only for the second quarter of 1989, so the discussion compares sfte and 

background data from dHferent seasons Section 2 3  1 includes a more complete description of the 

background study and emphasizes that conclusions regarding ground-water quality are necessarily preliminary 

Ground-water samples were analyzed for the parameters listed in Table 2-19, and all available data are 

presented in Appendix C 

2 3 3 1 Volatile orpbn ic ComDoundg 

Unconfined Ground Water 

Several wells had detectable volatile organic compounds in the surficial materlals over the course of sampling 

from late 1986 to 1990 Maximum values are shown In Table 2-20 Concentrations plotted In Figures 2-1 1 and 

2-12 Illustrate the general distribution that characterizes the organic contamination, although these maps 

specwically show only PCE and TCE in the second quarter of 1989 Of the wells that are marked "dry" on 

Figures 2-1 1 and 2-12, only three wells were dry throughout all sampling (wells 63-86, 44-87, and 49-87) 

At the westerly group of IHSSs, four volatile organic compounds occurred above detection limits in three wells 

At well 1-87 there was one occurrence of i,l,l-TCA (130 pg/f), at well 54-87 there was one report each of 
chloroform (CHCI,, 8 pg/t), PCE (4 pg/l), and l,l,l-TCA (2J pg/P) ,  and at well 2-87 there was 1,l-DCE (6 

pg/l) and PCE (35J pg/l) At well 51-87, PCE and TCE were detected at 8 pg / l  and 3J pg/P, respectively 
The only other volatile organic compounds at the westerly IHSSs were methylene chloride (maximum - 358 

pg/l at well 2-87), and acetone (maximum - 280 pg/L at well 1-87) Numerous other samples had methylene 
chloride and acetone concentrations estimated below detection limit and/or present in the blanks for wells that 

were otherwise free of organics These results may indicate laboratory rather than site contamination Isolated, 
low level reports of carbon disulfide, 2-butanone and total xylenes are shown in Table 2-20 a 
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TAME 2-19 

PHASE I AND PHASE 11 R 1  
QQID-WTER AID SIRFACE WTER WPLIYG P M T E R S  

FIELD PARM3ERS 
PH 
specific Conductance 
Trrpcrature 
Dissolved Oxygen 

Total Dissolved Solids 
Total Suspended Solids 

Hazardous Shtances List - Metals 

IIDIUTORS 

lETALS 

Aluninun 
AntlImy 
Arsenic 
Bariun 
Beryl 1 iun 
C.dnlun 
catciun 
ChroRiun 
Cobalt 
Copper 
Iron 
Lead 
Mapnes 1 un 
Manganese 
Mercury 
Nickel 
Potass1 un 
Seleniun 
Silver 
Sodlun 
Thaliiun 
Tin 
vaMd1Un 
zinc 

Other Metals 
Chromi un (hexava lmt ) 
Lithiun 
Strontiun 

ANIONS 
Carbonate 
Bi carbonate 
Chloride 
Sulfate 
Nitrate 

Oil and Grease 
Hazardous Sbstanccs List - Volatiles 

ORWICS 

Chloromethane 
Brommmthane 
Vinyl Chloride 
Chloroethane 
Methylene Chloride 
Acetone 
Carbon Disulfide 
1,l-Dichloroethene 
1.1-Dichloroetham 
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TABLE 2-19 (Continued) 

plug 1 Ay) PHASE IX RX 
BIQID-WTER AI0 $UT- WTER tMpLXffi PAilWETERS 

ORWIXCS 
Hazardous Subrtmes List - Volati Les ” (Continued) 

trans-1,2-Dichlorocthm 
Ch lorof o m  
1,2-Dichloroethane 
2- But a m  
l,l,l-Trichloroethane 
Carbon Tetrachloride 
Vinyl Acetate 
Bronodichlorancthane 
1,1,2,2-Tctrachlorocthane 
1,2-Dichloropropmne 
trans- 1,3-Dich loropropanc 
Trichlorocthm 
Di bromochloromethane 
1,1,2-Trichlorocthane 
Benzene 
cis- 1,3-Dichloropropene 
2-Chlorocthyl Vinyl Ether 
Bromoform 
2-Hexaonc 
l-Methyl-2-pcntanone 
Tetrachlorocthm 
Toluene 
Chlorobenzene 
Ethyl Benzene 
Styrene 
Total Xylenes 

RmIQUUIDES 
Gross Alpha 
Gross Beta 
Urrniun-233+234, -235, and -238 
knrri ci un-241 
P lutoni m-239+240 
St ront I un-90 
Cesrun-137 
Tritiun 

For surface water samples only 
** D I S S O ~ V ~  metals for grwnd-water syIples, total and dissotved metals for surface water swrples 
*** Groud-water svaples from the first quarter of 1987, and all surface water sanples were analyzed for 9 of the 

HSL volatiles These volatilas are the chlorinated solvents historically detected in the ground water and are 
as follows PCE, TCE, 1,l-DCE, 1,2-DCA, t-l,2-DCE, l,l,l-TCA, 1,1,2-TCA, CCL, and CHCL, 
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At the easterly group of IHSSs (1 19 1, 119 2, and 130), volatile organic contamination is more pronounced 

(Table 2-20) Wells 9-74, 10-74, and 43-87 show the most contamination, with PCE, TCE, 1,ldichloroethene 

(l,l-DCE), 1 ,ldlchloroethane (1 ,l-DCA), l,l,l-TCA, 1,1,2-trichloroethane (l,l,P-TCA), and carbon tetrachloride 
(CCI,) reaching several thousand pg/t in many samples Chloroform, toluene, 1,2dichloroethene (1 ,BDCA), 

and total 1,2dicMoroethene occurred at lower concentrations [estimated at less than detection limit or less 
than lOOpg/t with few exceptions (Table 2-20)] Levels of methylene chloride and acetone were typically low 
enough to be considered laboratoty artifact according to CLP protocol (EPA, 1988a). although the high levels 

at wells 9-74,10-74, and 43-87 suggest the actual presence of these compounds in the ground water at these 

locations Carbon disulfide, 2-butanone, vinyl acetate total xylene and benzene res- in Table 2-20 show 

sporadic occurrences at low concentrations 

The report of low level PCE for well 64-86 (8J pg/f) in the second quarter 1989 was not repeated in 
subsequent analyses Planned monitoring Will help confirm the presence or absence of contamination in 

downgradient valley fill ailmum 

In weathered sandstone, well 5-87 contained organics other than methylene chloride and acetone with PCE 

(170 pg/t), TCE (45 pg/t), CHCI, (8 pglf), and 1.2-DCA (6 pg/f) The acetone was also quite high in that 

well (99 pg/f) Well 62-86 had 2QJ pg/t of PCE and 25 pg/P of CCI, Only 6 pg/f of PCE was reported for 

Confined Ground Water 

Volatile organics have been infrequently detected in samples of confined ground water of the unweathered 

sandstones (wells 3-87, 45-87, and 8-87) At least 11 quarters of data exist for these wells There were no 

greater than four occurrences of methylene cMorrde and acetone in samples from each well In almost every 

case, the concentrations were either estimated Wow detection limits and/or these analyses were present in 

the associated laboratory blank There are only two occurrences of 1,l-DCE (1J pg/t and 2J pg/L), both in 
samples from well 8-87 Three samples from well 45-87 (fourth quarter 1987 and the first two quarters of 1988) 

contained chloroform (range 3J pg/f to 378 pg/f) However, chloroform was not present in any sample from 
subsequent quarters Tduene was present in only one sample from each of the three wells Concentrations 

ranged from 0 7JB pg/f to 25 pg/t TCE was detected only once in samples from well 3-87 (6 pg/t) and only 
twice in samples from well 8-87 (2J pg/f and 35 pg/f) TCE was not detected in well 45-87 PCE was only 
detected once in well 3-87 (5J pg/t) and m c e  in well 8-87 (2J pg/L and 20 pg/t) PCE was not detected 
in well 45-87 CCI, was only detected once in well 8-87 (130 pg/f), and was not detected In wells 3-87 and 

45-87 Carbon dlsuMde was detected once (5pg/t) in well 45-87 only It is concluded that the ground water 
in the unweathered sandstone at OU No 1 is not contaminated for the following reasons 
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The common laboratory contaminants, acetone and methylene chlonde, are not detectable in samples 
at least 60 percent of the time, and when detected, concentrations are low and/or the associated 
laboratory blank contained these contaminants 

All of the data, with the exception of the results for samples noted above, showed no volatile organic 
compounds These data indude numerous sampling events, preceding and succeeding the infrequent 
detections 

2 3.3 2 

Ions in Unconfined murid Water 

All surficial materials wells (except dry wells 5187, 5387, and 58-86) in the vicinlty of the western group of 

IHSSs contained some major anions above background The margin above background was small in many 

cases, and therefore presents only ambiguous evidence of contamination However the occurrences of nitrate 

significantly above estimated background [maxima of 7 7 milligrams per liter (mglf) in well 69-86, 55 mg/P 
in well 68-86,4 29 mg/f in well 43-87], of chlorkle and/or sulfate above 100 mg/f in wells 1-87,52-87,69-86, 

indicate that anions are significantly elevated in these wells Cyanide was analyzed for wells 52-87,69-86, and 

I 4387, and 53-87, and total dissolved solMs (TDS) above lo00 mg/f in wells 5287,4387, and 69-86, do 

68-86, and occurred above background In one sample (0 106 mg/f In well 69-86) I 

@ Major cations magnesium and sodium are signbntly elevated at all of the wells in this group except at wells 

68-86 and 54-87 Major cations calcium and potassium are also somewhat elevated at some of these wells 

Several sumcial wells in the vicinity of IHSSs 119 1, 1192 and 130 also contained major anions above 

background (9-74,lO-74,247,487,687,4387,4887 and 64-86) Wells 9-74 and 10-74 showed the highest 

concentrations of nitrate (91 2 and 55 mg/f) and these wells had similar concentrations (several hundred 
mg/t) of other major anions relative to the other wells TDS was typically approximately 2000 mg/l Several 
of these wells were intermmently dry and therefore the avadable data cannot provide detailed trends However 

there is an association between iHSS 119 1 and the highest inorganic constituent results isopleths of TDS 
and nitrate (Figures 2-13 and 2-14) for the second quarter of 1989 illustrate this, and are generally consistent 

with data for other sampling events Major cations calcium, magnesium and sodium were above background 
in almost all samples in this area 

Both of the wells in weathered sandstone which were not persistently dry contained major ions above 

background TDS was typically just over 2000 mg/f and chlonde and sulfate were several hundred mg/P as 
in the surficial wells, and nitrate was elevated up to ten times background Calcium, magnesium and sodium 
were slightly above background 
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onr Jn Confi-- ab .mior' 
The ground water in the deeper wells, in contrast to the unconfined flow system, did not contain a large sulte 

of elevated inoqpnks in the surficial ground-water system Only well 8-87 with a maximum TDS of 450 mg/P 
and nitrate at 1 mg/l had anions slightly above background Calcium and magnesium were the only elevated 
cations in that well 

All wells in surficW materials in the vicintty of the western group of iHSSs had some above background, 

but the suite of elevated metels was not consistent spatially or temporelly Nickel, sbonQum, zinc, manganese, 

mercury and copper each exceeded background in three or more wells, and barium, beryllium, iron, antimony, 

chromium, lead, alumlnum and cadmium occurred slightly above background in one or two wells Nickel, 

strontium, selenium, zinc and copper exceeded background in several samples from most wells near the 

eastern group of IHSSs, and several elements exceeded background once or infrequently (aluminum, antimony, 

barium, cadmium, chromium, cobalt, iron, lead, mercury, molybdenum and potassium) 

The concentrations of selenium, strontium, nickel and zinc shown in Figures 2-15 through 2-18 are generally 

consistent with the patterns of high concentrations of inorganics around IHSS 119 1, although the dry wells 
and typically low concentrations hinder portrayal of possible patterns in the metals data The data sets for 

d u m ,  Ilthium, molybdenum, and tin are incomplete because the laboratory did not analyze for those elements 

in many samples Ground watw in the weathered bedrock wells contained most of the metals that were 

elevated in surficlal materials as well as lithium in well 5-87 up to 25 times background 

Of the deeper wells in unweathered unlts, only 8-87 contained metals that were elevated (nickel, strontium, 

manganese and iron exceeded estimates of background by more than a factor of four) The unweathered 

sandstone wells exhibtted low concentrations for other elements (cadmium, chromium, barium, Ilthium, iron, 

mercuty, and silver) which were elther undetected or extremely low in background samples 

und water 

Of the wells In suficial materials near the westem group of IHSS's, five contained grossalpha and beta, 

uranium and trltium above background (wells 147,5247,6946, and SSSSR) WIthln that group of wells, total 

uranium was typically less than 30 pCi/L except at well 52-87 (maximum was 64 2 pCi/l) Gross alpha and 
beta were highest at that well also (70 pCI/L and 76 Gill, respectively) The magnitude and frequency of 
those results suggest possible radmnudde contamination at this location 

1) 
Analytical results for 
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strontium-89,90, cesium-137, and americium-241 were not reported by the laboratory for many samples 

Occurrences of tritium above background in wells 52-87 and 69-86, and americium and radium-226 in well 

52-87 are isdated and just above background Therefore a determination of contamination based on those data 

is inconclusive 

Well 4-87 of the eastern group of wells in surfichl matemls contained the highest concentrations of 

radionuclides Maximum gross alpha and beta results were approximately 300 pCi/I, total uranium was 
approximately 50 pCi/L, and tritium reached 777 pCi/L Wells 9-74, 10-74, 6-87, and 43-87 contained these 
radionuclides above background, although the maximum levels were much lower than at 4-87 Strontium-8930 

also exceeded background at several of these wells (maximum was 5 6  pCi/P at well 2-87), whereas 
cesium-137 and radium-226 were just above background in one or two samples Gross alpha and beta, 

uranium and tritium exceeded background in both weathered sandstone wells, whereas strontium-89,90 was 

elevated only In well 5-87 The concentrations are lower than in surficial materlals with the exception of gross 

alpha and beta (99 and 91 pCi/L in well 5-87) 

Figure 2-19 portrays the distribution of total dissolved uranium in the unconfined ground-water flow system for 

the second quarter of 1989 The principal feature, elevated uranium concentrations in the vicindy of IHSS 

119 1 , is consistent with the data available from other sampling periods Because well 49-87 is persistently dry, 

the extent of contamination between wells 4-87 and 6-87 is unknown 

Radionuclides in Confined G round Water 

Unweathered sandstone wells had either gross alpha or beta above background, one instance of uranium-235 

above background in well 8-87, and one case of radium-226 just above background All other analytes were 

below background 

2 3 3 3 Summary of Ground-Water Contamination 

Organic, and possibly major ion, trace metal and uranium contamination exist in ground water within surficial 

materlals and in some bedrock at the 881 Hillslde Area Volatile organic contamination is most severe in the 

eastern portion of the site, and may be derived primarily from IHSS 119 1 The available data suggest that 

organic contamination is restricted to a small area around that apparent source The volatile organic 

compounds which were detected in previous investigations of soils and ground water at the 881 Hillside Area 

have not migrated to the proposed drain location However, toluene, which was not detected in soils during 

previous investigations, is present In soils along the proposed drain location The ground-water data for the 

western group of IHSS’s show frequently unsaturated conddions that may have mltigated contaminant 

migration The presence of 1,1,1 -TCA at well 1-87 may indicate contamination from an upgradient source or 

from a sidegradient portion of the 881 Hillside Area (IHSS 145) In either case, further characterization IS 
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required Uncertainties regarding the orlgin of methylene chloride and acetone in ground-water samples (site 

or laboratory contamination) do not alter the fundamental condusions listed above and can be clarlfied with 

additional planned analyses 

Conclusions regarding inorganic contamination are limited by the preliminary nature of background data The 

preceding sections listed all constituents above background as if each represents contamination On that basis 

the data Indicate distinctly elevated major ions throughout most of the site, and apparent contamination 

emanating from both the western and eastern portions of the 881 Hillside The extent of such plumes of 

inorganics at the site has not been delineated by existing data The metals data exceed background more 

erratically than do the major ions, and offer more ambiguous evldence of contamination emanating from 

IHSS’s It Is not currently possible to determine whether this uncertainty is a function of incompletely defined 

background levels and/or the presence of contaminants from multiple sources The list of elevated 

constrtuents includes dements that could be attributed to natural sources in this sedimentary environment (e g 

selenium, zinc, strontium) as well as elements that may suggest human influence (nickel, beryllium) 

Radionuclide data are similarly ambiguous However, the uranium concentration in the vicinity of IHSS 119 1 

is sufficient impetus for further investigation interpretation of the extent of elevated uranium must be 

coordinated with better definition of background conditions Ongoing evaluation of background concentrations 

and addrtional data collection at the 881 Hlllside wlll permit more definitive assessment of the influence of Plant 

operations on ground-water quality 

Elevated constituents of all categories have migrated vertically from surficial materials to hydraulically 

connected upper bedrock units Possible impacts on the bedrock are most signdicant in the weathered zone 

2 3 4 Surface Water 

Surface water stations at the 881 Hillside Area are located along the South Interceptor Ditch, Woman Creek, 

and at various seeps and ponds Nine surface water stations in the vicinity of the 881 Hillside Area were 

sampled during field activities All available surface water data are compared to second quarter 1989 

background data to preliminarily assess if inorganic or radionuclkie contamination exist at these stations 

Section 2 3 1 explains the status of these background data Surface water locations are shown on Figure 2-20, 

and data are presented in Appendix D 

2 3 4 1  South Interceptor Ddch 

Surface water stations SW45, SW-46, and S W 4  are just south of Building 881 SW-45 monitors the 
foundation drain discharge from Building 881 This water flows into a skimming pond Station SW-44 is the 

discharge from a pipe draining the skimming pond to the South interceptor Dltch The foundation drain IS a 
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vitrified day pipe which is buried 14 to 20 feet deep along the western and southern sues of the 881 Building 
The pipe drains water southward to a common pipe and then into the skimming pond SW-46 is located at 

a pond formed by ground-water seepage from the 881 Hillside SW46 is west and hydraulically sidegradient 

of the skimming pond 

Surface water runoff from the 881 Hillslde Area flows into the South Interceptor Ditch and then into Pond C-2 

Surface water in Woman Creek is routed around Pond C-2, however, water in Pond E 2  is discharged to 

Woman Creek in accordance with the plant NPDES permit SW-31 monitors water quality in the South 

Interceptor Ditch just downstream of SW-44 Surface water stations SW-66, SW-67, SW-68, SW-69 and SW-70 

monitor the South Interceptor Ditch downgradient from the 881 Hillside 

Vdatiie organics have been detected In samples from SW-45 (Building 881 foundation drain discharge), and 

at lower concentrations in SW46 (pond formed by ground-water seepage at 881 Hillside), and SW-44 

(discharge to the Interceptor Ditch) The concentration of PCE was 128 pg/O at SW-45 in May 1987, but was 
near detection limits and then undetected in subsequent samplings until March 1990 PCE was 23 pg/P in the 
last available sample There were isolated instances of toluene (12 pg/P) and CCI, (6 pg/P) in late 1987 at 

this station Samples from SW46 in May and June 1989 indicate that PCE was present at estimated 

concentrations below detection limits (3J pg/P and 2J pg/P, respectively) No other volatile organics were 
detected in samples from SW-46 S W 4  showed no detectable volatile organic compounds until fourth quarter 

1989 (4J pg/L of TCE), and first quarter 1990 (7pg/P of TCE) Methylene chloride and acetone concentrations 
were low enough to be considered inconclusive evldence of contamination by these organics at SW-44, SW-45, 

and SW46 

@ 

Volatile organics do not appear to be present at surface water stations SW-66, SW-67, SW-68, SW-69 and SW- 

70 (downgradient of South Interceptor Ditch) Methylene chloride, acetone, and 2-butanone were present 

between 2 and 38 pg/P at all the stations, however, these compounds were also present in laboratory blanks 
Toluene was present in a sample from SW-69 only in August 1989 at a level of 4J pg/O (also present below 
detection limits) No other volatile organics were detected in South Interceptor Ditch surface water stations 

downstream from the 881 Hillside Area 

Results of inorganic analyses of surface water samples from these stations indicate that TDS, nitrate, and 

sulfate concentrations fluctuated above and below background Maximum concentrations were generally within 

a factor of two above background, however, there was one anomalous nitrate result at SW-44 (424 mg/P) 
At all other stations maximum nitrate concentrations ranged between 4 and 10 mg/f Dissolved magnesium 
exceeded background by approximately a factor of two at all the stations whereas dissolved calcium and 

potassium exceeded background by less than 5 mg/P at stations SW 44, SW-45 and SW-46 Both calcium 
and magnesium consistently exceeded background when analyzed in unfiltered samples, but the margins 

above background varied Total potassium exceeded background at most of the stations by less than a factor 
of two 
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The following dissolved metals occurred intermittently above background aluminum, beryllium, cadmium, 

copper, mercury, lead, strontium, zinc, chromium, selenium, and vanadium The list of total metals which 

exceeded background is the same, except that barium and nickel are also included and copper IS excluded 

Strontium and zinc were the only dissolved trace elements above background at nearly every station, however, 

total aluminum, barium, Iron, strontium, and zinc exceeded the background for metals in suspension at most 

of the stations Total aluminum tended to exceed background by widely varying margins, reflecting the variable 

suspended clay content of surface water under different flow conditions Most of the trace metals exceeded 

background by less than a factor of two, but exceptions are notable For example, mercury was 0 46 mg/9 
and 0 9 mg/L at stations SW-44 and SW-45 in June 1988 

@ I 

Dissolved radionudide results are only available for the South Interceptor Ddch stations for spring 1988 and 

spring 1989 sampling events Dlssdved gross alpha, gross beta, uranium, and plutonium exceeded 

background at stations SW-31, SW-45, SW-66, SW48, SW-69, and SW-70 during these sampling events 

Surface water at SW-46 and SW-67 also exceeded background for these constRuents except that gross beta 

was not elevated Only gross alpha and uranium were elevated at SW-44 Gross beta and plutonium were 

elevated at SW-33 and SW-34, and only plutonium was elevated at SW-32 

Total radionuclide results exhibit the same constituents above background, as well as strontium-89, 90, 

americium, cesium-1 37, and tritium Although the total radiochemistry results are typically higher than 

dissolved results as expected, the maximum dissolved plutonium did exceed total plutonium at stations SW-45, 

SW-66, SW-68, SW-69, and SW-70 Because samples for dissolved and total plutonium are separate grab 

samples, it is possible that the data reflect the variable colloidal content of different grab samples 

a 

2 3 4 2 Woman Creek 

Surface water stations SW-32, SW-33, and SW-34 are located on Woman Creek directly south of the 881 

Hillside and South Interceptor Ditch and upstream from the 903 Pad Area Volatile organics were not detected 

In Woman Creek surface water with exception of presumed laboratory contaminants methylene chloride, 

acetone, and one instance of toluene at SW-32 (12 fig/O) Results of inorganics analyses from these surface 
water stations were all within tolerance Interval values calculated from Round 1 background surface water 

at SW-32 (0496 mg/t) were elevated above background Several major and minor elements exceeded 
background as at the other surface water stations Radiochemistry data for these stations are analogous to 

those from the South Interceptor Ditch, although total uranium values are typically lower in Woman Creek 

Plutonium and amencium were both just detectable at several of these stations Radium-226 was not analyzed 

in the Woman Creek samples 

I sampling results Of the dissolved metals, only zinc at SW-32 to SW-34 (maximum 0 072 mg/O), and strontium 
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2 3 5  Sediments 

a Bedload sediment samples were collected during 1989 srte characterization from creeks and drtches that 

traverse the Rocky Flats Plant Sediment stations have been established along the Woman Creek drainage 

downgradient of the 881 Hllside Area All available data for eleven sampling stations are presented in 

Appendix E Stations SED-28, SED-29, SED-25 are located (in that order) within the South Interceptor Ditch 

in the Woman Creek drainage, 750 to 3000 feet downstream from surface water station SW-70 These stations 

are shown in Figure 2-21 SED-31 and SED30 are seeps on the South Interceptor Ditch berm up- and 

downstream from station SED-29 SED-27 and SED-26 are along Woman Creek just upstream of Pond C-2 

All of these statlons are hydraulically downgradient of the 903 Pad Area and therefore may be influenced by 

that source Data for three, more distant stations are included In Appendix E SED-14 and SED-15 are 

upstream of the 881 Hillside Area (approximately 3300 and 10,OOO feet upstream from SWSS), and SED41 is 

downstream of the 881 Hillside and 903 Pad Areas (approximately 9OOO feet downstream) The sediment 

station locations described above do not explicitly address sediments that are at the base of the hillsrde and 

upgradient of the 903 Pad Therefore the sediment chemistry results described below will be supplemented 

with data from new sampling stations In subsequent work to the extent possible (Section 5 0) 

Volatile organic compounds were typically undetected or estimated below detection limits with the following 

exceptions SED-29 and SED30 contained 60 pg/kg and 19J pg/kg of chloromethane, respectively SED41 , 
SED-14, SED-29 and SED30 contained acetone in one sample at each station (85 pg/kg, 89 pg/kg, 18 pg/kg 
and 220 pg/kg, respectively) Acetone was present in the blank at the latter station, so the report of 220 pg/kg 
is of questionable significance Methylene chloride concentrations were 20 pg/kg and 22 pg/kg at SED41 
and SED-27, again associated with contaminated blanks Chloroform was detected at 18 pg/kg in the one 
sample from SED-31 and the TCE at the same station was 8 pg/kg 

0 

Low-level results, all estimated below detection limit, were reported for carbon disulfide at SED-30 (6J pg/kg), 
2-butanone at SED-01 (1 JB pg/kg), TCE at SED-25, SED-26 and SED30 (5J pg/kg, 3J pg/kg, and 7J pg/kg), 
toluene at SED-29 and SED-30 (2J pg/kg and 6J pg/kg), and methylene chloride and/or acetone at most 
stations The presence of acetone at upgradient SED41, together wnh the low concentrations and 

contaminated blanks, demonstrate that the evidence of volatile organic compounds in these sediments is 

insufficient to prove contamination However, volatile organic contamination is still considered suspect and 

further investigation is necessary to clarify the ambiguity 

Nitrate exceeded background at SED-01, SED-25, SED-26, SED-29, SED-30, and SED-31 The maximum 

concentration was 8 1 mg/kg at SED-30 Magnesium and potassium were the two major cations above 

background (5970 mg/kg and 67000 mg/kg, respectively) 

0 Concentrations of beryllium, sliver, and tin were the most elevated in the sediment of the South Interceptor 

Drtch Concentrations of silver were more than five times the upper limn of the background range at SED-25, 
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SED-29 and SED-30 (maximum was 49 1 mg/kg) Beryllium, undetected in background samples, and 2 5 

mg/kg in upgradient station SED-15, ranged from 3 8 to 15 5 mg/kg in the South Interceptor Ditch sediments 

Tin was above background at stations SED-25, SED-26, SED-29 and SED-30, ranging from 364 to 1080 mg/kg 

Several other metals exceeded background by smaller margins in one or two samples each from the 

downgradient stations SED-25 to SED-31, induding aluminum, antimony, cadmium, chromium, copper, iron, 

lead, lithium, magnesium, manganese, mercury, selenium, strontium, thallium, vanadium, and zinc Woman 

Creek sediment samples, in contrast, contained only mercury and molybdenum above background (0 48pg/kg 
of mercury at SED-14, and 40 mg/kg and 42 mg/kg at SED-14 and SED-15, respectively) 

Plutonium was the principle radionuclide above background, occurring at concentrations ranging from 0 08 

pCi/g to 3 3 pCi/g at stations SED-25, SED-26, SED-29, SED-30 and SED-31 The presence of plutonium in 

the sediments is consistent with the soil plutonium contamination found in the 881 Hillside and 903 Pad Areas 

Other exceedances of background (4 8 pCi/g of total uranium at SED-25, and 77 pCi/g of gross-alpha and 

1 3 pCi/g of radium-226 at SED-30) occurred in single samples The Woman Creek sediment samples did not 

contain plutonium or other radionuclides above background 

2 3  6 Air 

Results of the continuous radionuclide monnoring program charactertzing the air pathway at the Plant are 

reported in monthly reports and annually in the Annual Environmental Monitoring Reports (e g , Rockwell 

International, 1975 through 1985, 1986b, 1987b, and 1989c) In adddion, the air pathway was further 

characterized in Rockwell International (1986f) 

The Radioactive Ambient Air Monitoring Program (RAAMP) consists of 54 high-volume particulate air samplers 

which operate continuously (Figure 2-22) Twenty-six of the 54 samplers are within, or directly adjacent to, the 

Plant security area (on-site samplers), and 14 are located around the property boundary (perimeter samplers) 

An additional 14 samplers are located in neighboring communities (Figure 2-23) 

The 903 Pad Area is recogntzed as one principal source of airborne plutonium contamination at the Plant 

(Rockwell international, 1975 through 1985, 1986b, and 1987b) Historically, the particulate samplers located 

immediately east, southeast, and northeast of the 903 Pad, Mound, and East Trenches Areas have shown the 

highest plutonium concentrations This finding is corroborated by the results of soil surveys which indicate 
elevated plutonium concentrations to the east, particularly the southeast of the area However, the RAAMP 
has found ambient air samples to be well within applicable DOE guidelines for the protection of human health 
and the environment for ail plutonium (Rockwell International, 1987a) 
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During 881 Hillside IM/IRA actMties conducted in 1990, four high-volume particulate air samplers were installed 

on the 881 Hillside for continuous monitoring These are indicated as S-81 A, B, C and D on Figure 2-22, and 

monitor radionuclide concentrations These stations will be operated untl completion of the french drain 

construction and results are reported in monthly momtoring reports Additional air monitoring was conducted 

using field instrumentation of photoionization detectors (PID), flame ionization detectors (FID), and Minirams 

The PID and RID were used to detect volatile organic vapors at the borehole and in the breathing zone during 

drilling The Miniram is a 

miniature real-time ambient air monitor that was also used to monitor particulates during operations The 

Miniram was set up in close proximrty to the boring to detect particulate concentrations over the range of 0 01 

to 100 milligrams per cubic meter (mg/m3) 

No above background volatile organic vapors were detected during drilling 

2 3 7  Biota 

The biota at the 881 Hillside Area have not specifically been previously studied, however studies on the biota 

at the 903 Pad, Mound and East Trenches Area have been conducted A survey was conducted for the Final 

Environmental Impact Statement, Rocky Flats Plant Slte (U S DOE, 1980), and previous studies were 

summarized in the Radioecology and Airborne Pathway Data Summary Report (Rockwell International, 1986f) 

The Radioecology and Airborne Pathway Data Summary Report addresses the plutonium released from the 

903 Drum Storage Site and its effects on the immediate environment Field studies were conducted over 

several years which compared various biological measurements and pathological data between ecologically 

similar study areas of widely varying plutonium levels Soil plutonium concentrations were measured along 

with biological measurements such as vegetation community structure and biomass, litter mass, arthropod 

community structure and biomass, small mammal species occurrence, population density, biomass, 

reproduction, and physical size of whole carcasses and organs In addition, pathological examination of small 

mammals, including x-ray for skeletal sarcomas, microscopy for lung tumors, and necropsy for general 

pathology and parasite occurrence were carried out Results of the studies showed no evidence of ecological 

impacts attributable to plutonium Although pathological conditions were found in some rodents, there were 

no significant pathological differences between contrd and plutonium contaminated areas Other minor 

differences in biological attributes for study are as at the Plant slte could not be correlated to plutonium levels 

Aquatic studies, conducted by Colorado State Unlversrty, examined phytoplankton, some detrltus and small 

zooplankton uptake of plutonium from the B-series holding ponds This study showed than an "increase In 

trophic-level concentration of plutonium did not occur apparently due to a selective mechanism that 

discriminated against plutonium at this level This would result in a decreased potential hazard when 

considering the transfer of plutonium through ingestion routes', (Paine, 1980) 
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Other aquatic studies revealed that 77 percent of the plutonium associated with crayfish is found in their 

exoskeleton Fish flesh and bone from the A and C-series ponds were never above the minimum detectable 

activity for plutonium 

2 4 SITE CONCEPTUAL MODEL 

A site conceptual model was developed based on site physical charactenstics and the nature and extent of 

contamination discussed in Sections 2 1 through 2 3 This model is intended to summarize known and 

suspected sources of contamination, types of contamination, affected media, contaminant migration pathways, 

and environmental receptors It will be used to assist in ldentlfying sampling needs and potential remedial 

alternatives The site conceptual model is depicted in Figure 2-24 

2 4 1 Contamination Sources and Types 

Sources of contamination at the 881 Hillside Include radionucllde contaminated surface soils (originated from 

the 903 Pad Area), and subsurface contaminated soil and buried wastes Plutonium and americium are the 

principal contaminants of the surface soils Volatile organics, pnncipally TCE, PCE, 1,1,1 -TCA, and toluene are 

the most abundant contaminants of subsurface soils The TCE, PCE, and 1,l , 1 -TCA originated from historical 

waste spills and buried wastes The buried wastes also likely contain plutonium, americium, and depleted 

uranium, although the available data do not show clear evldence of migration of the constltuents into 

surrounding subsurface soils The source of toluene in soils is hypothesized to be Coherex which was used 

as a dust suppressant/soil stabilizer at the 881 Hillside Area 

, 

The three pnncipal volatile organic contaminants are all dense nonaqueous-phase liquids DNAPLs) and 

therefore have the potential to collect in pools or in fractures in the bedrock at the bottom of the upper hydro- 

stratigraphic unit If such pods of DNAPLs exist, there is a potential for them to remain as source areas even 

after the removal of other sources 

2 4 2 Potential Release Mechanisms 

Radionuclldes in surface soils may be released VH fugitive dust and wind erosion to the air (Figure 2-25) Once 

in the air, the contaminated dust will either settle on plants, soils, or water There is considerable evidence 

supporting this release mechanism as plutonium/americium contaminated soil exists at the 881 Hillside There 
Is also potential for these contaminants to enter other media via surface runoff, infiltration/percolation, and 

biotic uptake 

I 

I 

e 
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Contaminants in buried waste can directly enter either the air via vdatillzation, or the ground water via 

infiltration/percdation Ground-water quality data indicate contamination in the upper hydrostratigraphic unit 

including the aliwium, cdiwium, siltstone, and weathered bedrock Contamination can also enter surface 

water through seepage 

There is also potential for contaminants in the upper HSU to impact the lower HSU Contaminated alluvial 

ground water may potentially enter lower sandstones if they subcrop beneath the cdiwium on the valley side 

slopes Another potential mechanism of release into the lower HSU is by leakage through the weathered and 

unweathered claystone bedrock downward to a lower sandstone layer This release mechanism is judged to 

have a low probability at this time as a result of the low hydraulic conductrvity values reported for the 

unweathered claystone unrts However, there is a potential for DNAPLs to infiltrate down through fractures in 

the bedrock This would be most likely to occur in depressions or low areas in the bottom surface of the upper 

HSU Although well logs for most pre-1986 wells do not exist, ground-water chemical data and the depth of 

the wells suggest that these wells may be screened across more than one hydrostratigraphic una, thus 

representing another potential mechanism for contaminant release into the lower HSU 

2 4 3 Potential Exposure Pathways 

Exposure to radionuclides in surface soils can occur through multiple pathways (Figure 2-25) This figure 

shows all potential pathways, however, the actual pathways of significance will be determined during the risk 

assessment Of primary Importance is exposure through direct inhalation of contaminated dust or by ingestion 

of contaminated soils An important secondary exposure route is through ingestion of surface water 

contaminated via runoff 

Exposure to contaminants in surface water can occur through direct ingestion or dermal contact, or by 

consumption of vegetation where biotic uptake has occurred 

The primary potentlal pathways for migration of contaminants through ground-water flow to potential receptors 

would be either by seepage to the ground surface or by pumping from water supply wells that tap the affected 

ground water downgradient of the site it should be noted that there are currently no known water supply wells 

which tap affected ground water Other exposure pathways may include contamination of surface water by 

the interaction of surface water and ground water 

2 4 4 Potential Receptors 

Figure 2-25 summarizes the exposure routes and potential receptor populations VI the potential exposure 

pathways described above For each pathway, there are three potential exposure routes ingestion, inhalation, 
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and dermal contact Whether the human receptor is a resident or visitor will be determined during the risk 

assessment Biota may also be present at or downgradient of seep locations The potential for exposure and 

magnitude of risk (Figure 2-25) will be assessed dunng the risk assessment 

1 

0 

2 4 5  Summary 

The elements of the site conceptual model described above are shown in Figure 2-25 This figure depicts the 

potential sources of contamination, mechanisms of contaminant release, exposure pathways, and primary 

receptors The model as pictured is based on an initial evaluation of available data As addftional Information 

is obtained, the overall model and specific portions of the model (for example, the lower hydrostratigraphic 

ground-water flow regime) may be refined or expanded to address the issues of concern 

2 5 SAMPLING AND ANALYSIS REQUIREMENTS FOR REMEDIAL ALTERNATIVES EVALUATION 

The purpose of this section is to Mentify potential remedial technologies which are consistent with the available 

information regarding contamination at the 881 Hillside Area Based on the available site information, the 

contaminated medta or areas for which remedial alternatives will be developed include wastes, soil/sediment, 

ground water, and surface water The following general remedial response actions were identified for further 

review and evaluation in the draft FS (Rockwell International, 1988b) 

0 Complete or partlal removal of wastes and contaminated soils 

0 In-situ contaminated soils treatment 

0 Ground-water collection 

0 Infiltration and ground-water containment controls 

0 In-situ ground-water treatment/immobilization 

e Ground-water/surface water treatment 

0 Treated ground water/surface water disposal 

Combinations of these general response actions are appropriate and were evaluated during the draft FS Table 

2-21 presents these general response actions along with applicable component technologies 

At the time the draft FS was prepared, the extent and nature of contamination at the 881 Hillside Area was not 

well defined For example, organic contamination of soils may have been underestimated because maximum 

concentrations occurred in samples not necessarily collected from 'hot spots', and the volatile organic data 
have since been rejected in the validation process The draft FS did not evaluate treatment and/or disposal 
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TABLE 2-21 

RESPONSE ACTIONS AND REMEDIAL TECHNOLOGIES 

Complete or Partml Removal 
of Contaminated Soils 

In-Situ Contaminated Soils Treatment 

Ground-Water Cdlection 

Infiltration and Ground-Water 
Containment Controls 

In-Situ Ground-Water Treatment/ 
lmmobillzation 

Ground-WaterBurface Water e 
Treatment 

ASSOC IATED REMEDIAL TECHNOLOGIES 

0 Off-Sne Landfill 
0 On-Srte Treatment*/Backfill 

lmmobilizatlon (cementation and vitrification) 
0 Soil Flushing 
0 Vapor Extraction 
0 Bioreclamation 

0 Well Array 
0 Subsurface Drains 

0 capping 
0 Subsu ce Barners 

0 Immobilization 
0 Aeration 
0 Bioreclamation 

Bioreclamation Treatment 
UV/Peroxde or UV/Ozone 
Air Stripping 
Carbon Adsorption 
Ion Exchange 
Electrodialysis 
Reverse Osmosis 
Coagulation/Precipitation/Filtration 

* Thermal Treatment, Sdvent Extraction, Immobilization (Cementation and 
Vitrification), Attrition Scrubbing for Radionuclide Decontamination 
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of organic contaminated soil, however, the Phase 111 RFI/RI may indicate such an evaluation is in order With 

respect to inorganic contaminants, the draft FS did not evaluate treatment technologies for their removal 

Although this was performed for the 881 Hillside interim action (DOE, 1990a), the performance of the interim 

action treatment system will be important input in reevaluating these technologies for the draft final FS Lastly, 

inorganic contaminated ground water appears downstream of the interim action collection system designed 

on the basis of the extent of volatile organic compound contaminated ground water Remedial alternatives that 

address this issue will be evaluated in the revised FS As shown in TaMe 2-22, there are specrfic data 

requirements that are necessary to evaluate the technologies identified in Table 2-21 These data will provide 

for a thorough comparatrve evaluation of all approprlate technologies with respect to implementability, 

effectiveness, and cost, and ailow for informed selection of preferred technologies The Field Sampling Plan 

(Section 5 0) reflects these information requirements 
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3 0  

PHASE 111 RFI/RI WORK PIAN DATA QUAUN OBJECTIVES 

~ ~~ ~ 

The primary objective of a RI Is to collect the data necessary to determine the nature, distribution, and 

migration pathways of contarnlnants The RI also supports the evaluation of remedial alternatives (EPA, 1987a) 

The five general goals of an RI are 

1) Characterize stte physlcal features 

2) Define contaminant sources 

3) 

4) 

5) 

Determine the nature and extent of contamination 

Describe contaminant fate and transport 

Provide a baseline nsk assessment (EPA, 1988b) 

Data quality objectives (DQOs) are qualitative and quantitative statements which specify the quality and quantity 

of data collection required by the RI (EPA, 1987a) Through application of the DQO process, site-specific 

Ri/FS goals are established, and data needs are Mentified for achieving those goals This section of the RFI/RI 

Work Plan reviews conduslons from the Phase I and II RFI/RI as a basis for Phase 111 RFI/RI objectwes and 

identifies data needs to meet the outlined objectives 

3 1 SITE SPECIFIC RFI/RI DQO PROCESS 

Through application of the DQOs process, sitespecific RFI/RI DQOs are established, and data needs are 

rdentified for achieving identified goals DQOs are qualitative and quantitative statements that describe the 

quality and quantity of data required by the RFI/RI (EPA, 1987a) These determinations are facilitated through 

the development of DQOs 

DQOs are developed using the following three-stage process 

0 STAGE 1 - Identify decision types 
Mentify and involve data users 

evaluate available data 

develop conceptual model 

specify objectives/decisions 

identify data uses 
Mentify data types 

identrfy data qualrty needs 

0 STAGE 2 - Identify data uses and needs 
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identtfy data quanttty needs 

evaluate sampling/analysis options 

review Precision, Accuracy, Representatives, Comparability, and Completeness (PARCC) 

parameters 

assemble data cdlection components 

develop data collection documentation 

0 STAGE 3 - Design data collection program 

The three stages are implemented for each phase of the RFI/RI The DQO stages are undertaken In an 

interactive and iterative manner whereby all the elements of the DQO process are continually being reviewed 

and applied during the execution of the data collection activities Throughout the RFI/RI, these stages occur 

in a natural progresslon and flow together without a formal stage delineation It may not be possible to identify 

all data needs during the RFI/RI activky Data needs will become more apparent as additional data are 

obtained and evaluated 

3 2 PHASE I AND II RI CONCLUSIONS 

Several investigations have been conducted in the vicinity of the 881 Hillside Area to date as discussed in 
Sections 1 0 and 2 0 General conclusions from these investigations are as follows e 

Surficml materials In the area consist of Rocky Fiats Alluvium, colluvium, and valley fill alluvium 

Bedrock beneath surficial materials consists of Arapahoe Formation claystones and sandstones 
dipping slightly to the east (less than two degrees) Bedrock materials are weathered below 
the base of surficial materials 

Unconfined groundwater flow occurs in surficial materials, subcropping sandstones, and 
potentially in weathered subcropping claystones The flow system in surficial materials Is not 
fully saturated year round Flow In weathered claystones has not been sufficiently documented, 
and flow directions in subcropping sandstones are incompletely defined due to the complex 
sandstone geometries 

Confined ground-water flow occurs in deeper sandstones The flow system is incompletely 
defined at this time However, work pertaining to these units is part of an on-going geologic 
Characterization 

Ground-water recharge occurs as infiltration of incident precipitation and flow from drtches and 
surface water drainages Recharge to bedrock sandstones also occurs via leakage through 
overlying claystones 

Discharge from the unconfined ground-water flow system occurs as evapotranspiration, seeps 
and springs at the edge of the Rocky Flats pediment, to surface water in Woman Creek and 
South Interceptor Dttch, and to bedrock sandstones and claystones 
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Wastes have been buried at IHSS 102 (Oil Sludge Pit Site) and IHSS 103 (Chemical Burial Site) 
In addition, wastes were potentially dumped or discharged at the Liquid Dumping Site (IHSS 
104) and Outfall Site (IHSS 106) Organic contaminants have been released from the Hillside 
Oil Leak Site (IHSS loa, and the Mutiple Solvent Spill Site (IHSSs 119 1 and 119 2) Soil 
contaminated with low JeveJs of plutonium has been disposed of at JHSS 130, however, the 
Phase I and II RI did not detect radionucllde contamination Releases from IHSS 106 (Outfall 
Site) and IHSS 105 (Out-of-Service Fuel 01 Tanks) have not been determined based on the 
Phase I and II RI 

Boreholes were drilled within and adjacent to IHSSs in the Phase I and II Ris, and soil samples 
were cdlected and analyzed for Hazardous Substance Ust (HSL) organics and metals, 
radionudides, and Inorganics Volatile chlorinated hydrocarbon contamination is apparently 
limited to soils in the vicinity of boreholes BHOl-87, BH57-87, and BH58-87 However, available 
data were not validated, and further characterization of soils beneath IHSSs Is needed 

Sutficial soils in the area are contaminated with plutonium and americium, possibly due to wind 
dispersal of these radionuclides from the 903 Pad Area Based on soil sampling results, these 
compounds appear to be limited to the surface, although further definttion of source area(s) and 
extent of contamination is needed 

Resutts of Ri surface water and ground-water sampling at the 881 Hillslde Area indicate that 
major Ions, trace metals, and radionuclides are present above background Vdatile organics 
are also present In ground water downgradient of the 881 Hillside Therefore, further 
charactemation of contaminant sources and pathways Is warranted 

Ground water in sumcial materials contains volatile organic compounds The principal volatile 
organics present are tetrachloroethene (PCE) and trichloroethene (TCE), but several other 
compounds are present as well The extent of these contaminants in alluv&l ground water has 
not been fully determined 

Trace metals induding strontium, selenium, nickel, zinc, and others are elevated in the 
unconfined ground-water flow system Uranium is the principal elevated radionuclide in that 
system The source and extent of these contaminants has not been defined 

Elevated uranium has been detected in the South Interceptor Ditch surface water The source 
of the uranium has not been determined 

Although the remedial investigations have not provlded biological data which specifically 
address conditions at the 881 Hillslde Area, previous studies in that vicinity (903 Pad Area and 
Plant-wide), Indicate nondetectable impacts to biota Considering the locally high 
concentrations of contaminants and proximity of the 881 Hillside to water and feed for wildlife, 
further charactemtion of OU No 1 is needed 

3 3 SITE-SPECIFIC PHASE 111 RFI/RI OBJECTIVES AND ACTIVITIES 

Based on the Phase I and I1 RI conclusions and the conceptual site model presented in Section 2 0, the site- 

specific Phase ill RFI/RI objectives and associated data needs have been developed (Table 3-1) Specific 

plans for obtaining the needed data are presented In Section 5 0 (Field Sampling Plan) 
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TABLE 3-1 

PHASE 111 RFI/RI OBJECTIVES AND ACTIVITIES 

Characterize Site Phvslcal Features 

1) Determine the extent of saturation and 0 

ground-water flow dlrections for the 
unconfined flow system both spatially 
and temporally 0 

2) Describe the interaction between the 
surface water and ground-water 
pathways 

3) QuantQ material properties 

4) Describe all soils and rock materials 

5) Verify the hydrogedogic site conceptual 
model for OU No 2 presented in Section 
2 4  

r 

1) Characterize the nature and distribution 
of waste materials remaining on-site 

2) Characterize soils beneath wastes as 
well as sdls at sites where wastes have 
been removed as potential contaminant 
sources 

3) Identify which sites or subareas of sites 
are sources of contaminants In ground 
water 
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0 

Install additional monitoring wells and 
piezometers 

Maintain and utilize the Roc Flats 
Environmental Database 2ystem 
(RFEDS) for water level data from which 
potentiometric surface maps, saturated 
thickness maps, cram sections, and 
hydrographs can be prepared 

Compare water levels and water quality 
data from surface water sampling 
locations and ground-water monitoring 
wells to evaluate the interconnection 
between these two media Data analysis 
will also rely on ground-water flow 
directions and seep locatlons 

Perform aquifer tests to develop 
hydraulic conductivity and storage 
coefficient values for surflcial materials 

lm ement field logging program utilizing 
E 8 &G'sSOPs 

integrate site-wide geologic and 
geophysical studies with hydrogeologic 
data from OU No 1 

Collect samples from borehdes drilled 
directly through IHSSs where possible 
Collect waste samples as well as soil 
samples from beneath the wastes 
Analyze samples for TCL vdatiles, semi- 
vdatiles, and pestickles/PCBs, TAL 
metals, as well as radionuclides and 
inorganics 

Same as above 

Instal l  al luvial ground-water 
monitoring wells directly beneath sites to 
assess ground-water levels and qualtty 

Install alluvlal ground-water monltorin 
wells directly up- and downgradient 4 
each site to pinpoint the source of 
contaminants 
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TABLE 3-1 (Continued) 

PHASE 111 RFI/RI OBJECTIVES AND ACTIVITIES 

Obiective 
characterize t he Natu re and Extent o f 

Determine the horizontal and vertical 
extent of surficial radionudide soil 
contamination due to wind dispersion 

Contamination 

1) 

2) Determine the nature and extent of 
ground-water contamination in surficial 
materials 

3) Determine the location and extent of 
weathered and unweathered sandstone 
units and associated contamination 

4) Characterize surface water qualw 
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Acthritv 
Collect surficial soil scra es in 
the study area following tolorado 
Department of Health sampling 
procedures and analyze for 
radionuclides 

Sample vertical soil profiles and analyze 
for radionudides 

Instal l  al luvial ground-water 
monitoring wells in surficial materials 
located between areas of known 
ground-water contamination and areas 
with no ground-water contamination to 
delineate the extent Collect ground- 
water samples and analyze for TCL 
volati les, semi-voiati ies and 
pestickles/PCBs, Target Analyte List 
(TAL) metals, radionudides, and 
inorganics 

Install bedrock monitoring wells 
in new boreholes in which sandstones 
are encountered This will include 
boreholes which were initially planned 
for installing alluvial wells, as well as 
selected boreholes planned specMcally 
to seek sandstone Produce east-west 
and north-south geologic and water-level 
cross-sections as data permit Collect 
ground water samples and analyze for 
TCL vdatiles, semi-volatiies and 
pesticides/PCBs, TAL metals, 
radionuclides and Inorganics 

Continue collection of surface water 
from existing monitoring stations on a 
quarterly basis Establish sediment 
stations directly associated with the 881 
HUlsMe as sediment avaiiablllty permits 
Analyze samples for TCL volatiles, TAL 
metals, radionudkles, and inorganics 
Analyze surface water samples for both 
dissolved and total metals and 
radionuclides to  determine if 
constituents are suspended or dissolved 
Continue routine flow rate measure- 
ments at surface water stations 
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TABLE 3-1 (Continued) 

PHASE 111 RFI/RI OBJECTIVES AND ACTIVITIES 

5) Characterize radionuclides in Woman Continue cdlection of surface water 
from existing monitoring stations on a 
quarterly basis Establish sediment 
stations directly associated with the 881 
Hillside as sediment availabUtty permits 
Analyze samples for TCL vdatiles, TAL 
metals, radionudldes, and inorganics 
Analyze surface water samples for both 
dissolved and total metals and 
radionuclides to  determine if 
constituents are suspended or dissolved 
Cont inue rout ine f low rate 
measurements at surface water stations 

Creek sediments 

6) Identify and implement data 
management procedures 

7)  Collect data of sufficient quality to 
facilitate development of a site 
conceptual model and comparison to 
ARARs 

sessment 

1) Describe contaminant fate and transport 

2) Assess the threat to public health and 
the environment from the no action 
remedial alternative 
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Maintain the RFEDS for all data 
cdiected during the Phase ill RFI/RI 
Utiiize this database system to evaluate 
resulting data 

Adhere to the Roc Flats Plant 
ER Program QAPjP, G ’akA SP, and the 
site specific QAA 

Use existing literature and field data to 
describe the physicochemhi processes 
associated with site contaminants 
Incorporate Phase 111 results into risk 
analysis 

Prepare a baseline risk assess- 
ment as part of the RI data analysis 
based on Phase I, II, and 111 RI 
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High quality data will be collected by fdldng the Rocky flats Plant ER Program Standard Operating 

Procedures (SOPS) (EG&G, 1990g) and through adherence to the Rocky Flats Plant ER Program Quality 

Assurance Project Plan (QAPjP) (EG&G, 1990h), the General Radiochemistry and Routine Analytical Services 

Protocol (GRRASP) (EG&G, 19901) and the site-specific Qualky Assurance Addendum (QAA) Organic and 

metal analyses will be performed using CLP routine analytical setvlces (RAS), and other analyses (radionuclides 

and inorganics) will be performed in accordance with the GRRASP-specifled methods In addition, analytical 

methods with detection limits below or near chemical-spectfic ARARs are presented in Section 7 0 (Table 7-1) 

and will be used to facilitate comparison of resulting data to ARARs 

I e 
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4 0  

REMEDIAL INVESTIGATION/FEASIBlUTY STUDY TASKS 

4.1 REMEDIAL INVESTlGATION TASKS 

4 1 1 Task 1 - Project Planning 

The project planning task Includes all efforts required to initiate this Phase IU RFI/RI of OU No 1 Activities 

undertaken for this project have included detailed review of the Phase I and I1 RI results, responses to EPA 

comments on the FS and Phase II RI (Rockwell International, 1989a), responses to DOE comments on the FS, 

responses to EPA and CDH comments on the draft RI/FS work plan, historical aerial photography, preliminary 

results of the French Drain Geotechnical Investigation, and preliminary evaluation of ARARs Results of these 

activities are presented In Sections 1 0 (Introduction) and 2 0 (Site Evaluation) 

Two project planning documents, Including this Work Plan, have been prepared which pertain to this Phase 

111 RFI/RI as required by the draft IAG between DOE, EPA, and CDH This Work Plan presents results of the 

project planning task In addition to plans for the Phase 111 RFI/RI A Field Sampling Plan (Section 5 0) presents 

the locations, media, and frequency of sampling efforts The second document required by the IAG IS a 

Sampling and Analysis Plan (SAP) The IAG specifies that the SAP is to include a QAPjP and SOP for ail Reid 

activities A draft QAPjP for site-wide RCRA and CERCIA activities (EG&G, 1990h) was submitted to the 

regulatory agencies In August 1990 A GRRASP (EG&G, 19901) has also been prepared which is the scope 

of work for analytical services The current Rocky flats Plant SOPS were submitted to EPA and CDH in August 

1990 (EG&G, 199Og) The OU No 1 QAA is being submitted to the agencies with this RFI/RI Work Plan A 

Health and Safety Plan (HSP) defining the protocol for protection of field workers during Phase 111 operations 

will be submitted as well The HSP will be based on the Health and Safety Program Pian currently being 

finalized based on comments from EPA and CDH 

@ 

4 1 2 Task 2 - Community Relations 

in accordance with the draft IAG, the Rocky flats Plant is developing a Community Relations Plan (CRP) to 

inform and actively Involve the public in decision-making regarding environmental restoration activities The 

plan will address the needs and concerns of the surrounding communities as identified through approximately 

80 interviews with state and local elected officials, business leaders, medical professionals, educational 

representatives, interest groups, media and residents adjacent to the Plant 

I) The draft Community Relations Plan was submitted to EPA and CDH for review in November 1990 in 

accordance with the draft IAG schedules Accordingly, the site-specrfic CRP is not required for OU No 1 

I 
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Fdiowing review by EPA and CDH, the proposed plan will be distributed for public review and comment in 

January 1991 The proposed CRP is scheduled for finalization in August 1991 e 
During the February 1990 public hearing on the IAG, several commentors requested the development of an 

Interim CRP for Implementation untU the final plan is available in August 1991 This draft Interim Community 

Relations Plan was prepared and was implemented in January 1991, pending finalization of the proposed plan 

Current community relations actMties concerning environmental restoration include participation by Plant 

representatives in informational workshops, meetings o f  the Rocky Flats Environmental Monitoring Council, 

bridings for citizens, businesses and surrounding communities on environmental restoration and monitoring 

activities, and public comment meetings on various ER Program plans and actions 

in addition, a Speakers Bureau provides Plant speakers to civic groups and educational organizations, and a 

public tours program allows the public to visit the Rocky Flats Plant The Plant also produces fact sheets and 

updates on environmental restoration activities for public information and responds to numerous public 

inquiries concerning the Plant 

4 1 3 Task 3 - Field Investigation e 
The Phase 111 RFi/RI field investigation is designed to meet the objectives outlined in Section 3 2 The following 

activities will be performed as part of the field investigation 

0 Dr~ll and sample soils, bedrock materials, and wastes within IHSSs 

Sample surficial soils for radionuclides and subsurface sois for radionuclides, TCL vdatiles, 0 

semi-vdatles, and pesticMes/PCBs, TAL metals, and inorganics 

Install and sample ground-water monitoring wells 

Perform aquifer tests, tracer tests, and geotechnicai tests 

Collect surface water and sediment samples 

Take water level measurements, stream flow measurements, and ground-water quallty 
parameters 

0 

0 

e 

Sample locations, frequency, and analyses are presented in Section 5 0 All field activities will be performed 

in accordance with the Rocky Flats Plant ER Program SOP (EG&G, 1990g) 

I .  

I .  
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4 1 4 Task 4 - Sample AnalysQ and Data Validation 

Analytical methods for chemical analyses are provided in the GRRASP (EG&G, 19901) Also provided in this 

document are the analytical detection limits 

Data will be reviewed and validated by the EG&G Environmental Monitoring and Assessment DMsion laboratory 

validation subcontractor Results of data review and validation activities will be documented in data validation 

reports and the RFI/RI report EPA data validation functional guidelines will be wed for validating organic and 

inorganic (metals) data (EPA, 1988a) Validation methods for radiochemistry and major ions data have not 

been published by the EPA, however, data and documentation requirements have been developed by ER 

Department The functional guidelines which will be used to evaluate analytical data are presented in the 

QAPjP (EG&G, 1990h) and GRRASP (EG&G, 19901) 

4 1 5 Task 5 - Data Evaluation 

Field and laboratory data collected during the Phase iii RFi/Ri will be incorporated into the Rocky Flats 

Environmental Database System (RFEDS) and used to better define site characteristics, source characteristics, 

the nature and extent of contamination, and contaminant migration rates The RFEDS is used to track, store, 

and retrieve project data Data will be input to the RFEDS via diskettes subsequent to data validation as 

outlined in the ER Program QAPjP (EG&G, 19901) Hardcopy reports wUi then be generated from the system 

for data interpretation and evaluation 

4 1 5 1 Site Charactwbtio n 

Geologic and hydrologic data will be incorporated into existing slte maps and cross sections Geologic data 

will be used to evaluate in detail the sedimentology and depositional framework of sudciai materials and 

weathered bedrock Paieochannel trends and potential contamination pathways will be further delineated 

Hydrologic data will be used to evaluate seasonai variations in water levels, ground-water flow, and the extent 

of saturated sudcial materials Also evaluated will be hydraulic conductivity, ground-water velocity, 

contaminant migration rates, and the interaction between ground water and surface water Site-wide geologic 

and geophysical study results will also be incorporated with avaUabie data for OU No 1 to develop a 

hydrogeologic site conceptual model 

4 1 5 2  Sou me Characteriza tion 

Analytical data from source boreholes will be used to 

Verify iHSS locations 
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e Characterize the nature of source contaminants 

e Characterize the lateral and vertical extent of source contaminants 

0 Determine the maximum on-site contaminant concentrations for input to the risk assessment 

Quantify the volume d source materials e 

4 1 5 3 Mature and 

Analytical data from sdl, sediment, ground-water, and surface water sampling efforts will be used to 

characterize the nature and extent of contamination The criteria for the identification of contamination will be 

analyte specific For organic compwnds, any detectable concentrations in samples that are not attributable 

to laboratory contarnination [defined according to CLP protocol (EPA, 1988a)) will be considered likely 

evidence of contamination Unvalidated or invalid data will be considered qualitative estimates of contamination 

only For inorganic compounds (including radionuclides) only those concentrations which exceed expected 

concentrations in background shall constitute evidence of contamination The statistical techntques which will 

be used to compare concentrations of inorganic compounds cdiected as part of the Phase 111 RFI/RI to 

background concentrations are documented in the Background Geochemical Characterlzation Report (Rockwell 

International, 1989d) Essential to the implementation of these statistical techniques for ground-water and 

borehole samples is the dasstfication of each analytical datum by an appropriate geologic unit (such as Rocky 

Flats Alluvium or colluvium) This identification of the appropnate geologic unit will be based on geological 

data cdlected during the Phase 111 RFI/RI 

The extent of contamination wit be delineated through the use of contaminant isopleths maps and possibly 

cross sections The possibility of using kriging to contour the isopleths of the most widely distributed 

contaminants will be investigated with explicit attention to the assumptions required by kriging (Davis, 1986), 

and knged contours will be generated only if appropriate investigations to date indicate difficulty in identifying 

the source of contamination because of the dose proximity of several possible sources The statistical 

technique of principal component analysis will be investigated as a method of identifying the releases from 

different sources The ability to estimate the indivMua1 effects of multiple sources at intermediate sampling sites 

will aid in the mapping of plumes and in the understanding of contaminant transport by the ground-water flow 

system 

Comparisons of hydrogeologic and chemical data for ground water and surface water will be made to 

investigate the movement of contaminants from one pathway to another Temporal variations of contaminant 

concentrations in ground water and surface water will be evaluated both for seasonality and long-term trends 
to determine contaminant migration rates 
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Analytical data from surficial so8 scrapes and vertical soil profiles will be evaluated in order to characterize the 

areal and vertical distribution of plutonium and americium contamination at the 881 Hillside Area e 
4 1 6 Task 6 - Baadine Risk Aueument 

A baseline risk assessment wHI be prepared for the 881 Hillside Area as part of the Phase 111 RFI/RI to evaluate 

the potential threat to the public health and the environment In the absence of remedial action A risk 

assessment was previously prepared as part of the draft FS (Rockwell International, 1988b) The baseline risk 

assessment will evaluate data cdlected during Phase 111 and use information, as appropriate, developed in the 

original risk assessment The baseline risk assessment will provMe the basis for determining whether or not 

remedial action is necessary in the area and serve as the justification for performing remedial action (EPA, 

1988b) The nsk assessment will assume no instltutional controls 

Several objectives wlll be accomplished under the risk assessment task including identification and 

characterization of the fdlowing (EPA, 1988b) 

Toxicity and levels of hazardous substances present in relevant media (e g , air, ground water, 
soil, surface water, sediment, and biota) 

0 Environmental fate and transport mechanisms within specific environmental media and cross- 
media fate and transport where appropriate 

0 Potential human and environmental receptors 

0 Potential exposure routes and extent of actual or expected exposure 

risk characterization) 
0 Extent of expected Impact or threat, and the likelihood of such Impact or threat occurring (I e ,  

0 Level(s) of uncertainty associated with the above 

The public health risk assessment and the environmental evaluation will be performed In accordance with EPA 
and other guidance documents listed in Table 4-1 The risk assessment will address the potential public health 

and environmental Impacts associated with the site under the no-action alternative (no remedial action taken) 

This assessment will aid in the selection of site remedies based on the contaminants of concern and the 

environmental media associated with potent& nsks to public health and the environment 

4 1 6 1 Public Health Eva luatlon 

The risk assessment process is divided Into four tasks (EPA, 1988b), induding 

e Contaminant Mentification 
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TABLE 4-1 

EPA GUIDANCE DOCUMENTS WHICH WILL BE CONSULTED 
IN THE RISK ASSESSMENT TASK 

0 EPA's I ted Risk Inform&n Svstem flRlS) - Office of Research and Development (continuously 
updatedwgency's primary source of chemical-specific toxlcity and risk assessment information 
Indudes narrative discussion of toxicity database quality and explains derivation of Reference Doses, 
cancer potency factors, other key dose response parameters IRIS presents information that updates 
data originally presented in Exhibits A 4  and A-6 of the SPHEM (see below) Further information IRIS 
Users Support, 513-569-7254 (EPA, continuously updated) 

0 Health Fffects Assessment Summarv Tables ( HEAST) - mice of Research and Development/Office 
of Emergency and Remedial Response (updated quarterly) Since the IRIS chemical universe (while 
growing), is currently incomplete, the HEAST has been produced to serve as a 'pointer" system to 
Menttfy current literature and toxicity information on important non-IRIS chemicals While HEAST data 
in some cases may be 'Agency-verified', the information is considered valuable for Superfund risk 
assessment purposes Available from Superfund docket, 202-382-3046 (EPA, updated quarterly) 

0 Exmsure Fa 
Provides sta%cal data on the various factors used in assessing exposure, recommends specific 
default values to be used when site-specific data are not available for certain exposure scenarios 
Further information Exposure Methods Branch, 202-382-5988 (EPA, 1989b) 

rs Handboo k - Office of Research and Development (March 1989), EPA/600/8-89/043 

0 Suoerfund Public Health Evaluation Manual (SPHE 
The current program risk assessment guidance m?.A Explains how to conduct a baseline site risk 
assessment, set preliminaty remediation goals. and evaluate risks of remedial alternatives 

0 re Assessme nt Manual (SEA - Office of Emergency and Remedial Response 
Provides Fframework for the assessment of exposure to 

contaminants at or migrating from hazardous waste sites Discusses mo$elin and monittring* (EPA, 

- office of Emergency and Remedial Response 

ril 1988~A/540/148/oot  

L_ -IJc 
1-1 

0 Risk Assessment G nce for S - nvironmentai Eva luation Ma nual. Interim Final (RAGS- 

program guidance to help remedial project managers and on-scene coordinators manage ecological 
assessment at Superfund sites (EPA, 1989d) 

- Office of Eegency a n d e d l a l  Response (March 1989), EPA/540/1-89/001A Provides ,' 

0 rfund Risk Assessment I nformation Directorv ( RAID) - Office of Emergency and Remedial 
Wponse (November l-), EPA/540/1-86/061 Describes sources of information useful in conducting 
risk assessments Currently under revision * 

0 OSWE R Directive on Soil In 
1989), OSWER Directive # a 4  Recommends sol ingestion rates for use in r sk assessment when 
site-speck information is not available Available from Darlene Wililams, 202475-9810 (EPA, 19898) 

ion Rates - Office of SdM Waste and Emergenc Response (January r 
0 Risk Assessment Guida nce for Sum rfund. Hu n HealthE- n Manual Part A. Interim Find -- 

Office of Emeroency and Remedial Response This vdume provMes updated risk assessment 
procedures and policies, specific equations and variable values for estimating exposure, and a 
hierarchy of toxicity data sources There is an expanded chapter on risk characterization to help 
summarize information for the decision makers and detailed descriptions of uncertainties in risk 
assessment (EPA, 196%) 
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TABLE 4-1 (Continued) 

EPA GUIDANCE DOCUMENTS WHICH WILL BE CONSULTED 
IN THE RISK ASSESSMENT TASK 

0 Officeof €mer en and Remedial Res nse The 

RCRA, Clean Water Act (MA), Safe Drinking Water Act (SDWA), Clean Air Act (CAA) and other federal 
and state environmental laws as required by CERCLA, Section 121 (EPA, 1988d) 

on-site remed 61% act s that meet the A I? ARs of the 

e Guidance for ina M Inv ns and F i er CERCLA - Office of 
Emergency and%ial c n s e  W ? $ & f & - 8 9 / 0 0 4 ~ m e n t  Is a revision of the 
U S EPA's 19695 guidance It describes general procedures for conducting an RI/FS (EPA, 1988b) 

0 

document that plovides gukfance on designing, implementing, and interpreting ecdoglcai assessments 
of hazardous waste sites It indudes sections on ecological endpoints, field sampling design, quality 
assurance, aquatic and terrestrial toxicity and field survey methods, recommended biomarkers, and 
data analysis (EPA, 1989c) 

* Available from Center for Environmental Research information, 513-569-7562 

a 
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0 Expogure assessment 
e Toxicity assessment 
a Risk characterization 
0 uncertainty Analysis 

The task objectives and description of work for each task are described below 

The objective of contaminant identification is to screen the information that is available on hazardous 
substances or wastes present at the site and to identify contaminants of concern to focus subsequent efforts 
in the risk assessment process Previous work characterizing the environment at the Rocky Flats Plant and 

the surrounding area has been done Additional sampling and analysis of various media will take place in 

order to support the human health risk assessment, the ecdogical assessment and to further characterize the 

sfie For this risk assessment, all chemicals detected above background concentrations in siteassociated 

media at OU No 1 will be treated as site contaminants for the purpose of public health evaluation 

Determination that a chemical is above background is discussed in Section 2 3 1, however, it is noted that the 

latest Background Geochemical Characterization Report available when the Phase 111 RFI/Ri Report is prepared 

will be used in this analysis The chemical contaminants will include 

0 Chemicals positively identified in one or more samples in a gwen medium 

Chemicals which have been tentatively identified and have historically been associated with the 

0 
0 

site or confirmed by special analysis 

The potential transformation products of siteassociated chemicals will be considered to the extent possible 

by the availability of chemical-specific transformation data and information regarding site specific environmental 

conditions (e g , potential for biodegradation) 

All chemicals present below background will be eliminated from further consideration In addition, after the 

completion of the exposure assessment, any site contaminants which appear to have no potential for exposure 

will not be evaluated All chemicals that are deleted and the rationale for their deletion will be discussed 

EXDOSUte Assess ment 

The objectives of the exposure assessment are to identify actual or potential exposure pathways, to 

characterize potentially exposed populations, and to determine the extent of exposure A conceptual model 

for exposure assessment is shown in Figure 2-16 An exposure pathway is comprised of four elements I) 
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A source and mechanism of chemical release to the environment 

0 An environmental transport medium or media (eg, air, ground water) for the released 
COnStitUent. 

A point of potentlal contact of humans or biota with an afFected medium (the exposure point) 

An exposure route (e Q , inhalation of contaminated dust) at the exposure point 

The exposure assessment process will indude the following actions 

Analyze the probable fate and transport of compounds for both the present and the future uses 

identify the human populations in the area, typical activities that would influence exposure, and 
sensithre population subgroups 

ldenttfy potential exposure pathways under current and future land use conditions 

Develop exposure scenarios for each Identified pathway and select those scenarios that are 
plausible 

0 

Identify scenarios assuming both existing and potential future uses 

Identify the exposure parameters to be used in assessing the risk for all scenarios 0 

Develop an estimate of the expected exposure levels from the potentlal release of contaminants I 
I 

Appropriate exposure scenarios will be Identified for the site Scenarios which could potentially be considered 

indude residential, commercial/industrlal, and/or recreational Factors to be examined in the pathway and 

receptor Identification process wll lndude 

Location of contaminant source 

Local topography 

Meteorology 

Local geohydrology/surface water hydrology 

Surrounding land use 

Local water use 

Prediction of contaminant migration 

Persistence and mobiirty of migrating contaminants 

For each migration pathway and for current and future conditions, receptors will be Mentlfied and 

characterized Potential receptors will be defined by the approprlate exposure scenarios 
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To assess the potential adverse health effects associated with access to the site, the potential level of human 

exposure to the selected chemicals must be determined Intakes of exposed populations will be calculated 

separately for all appropriate pathways of exposure to chemicals Then for each populationat-risk, the total 

chronic Intake by each route of exposure MI be calculated by adding the intakes from each pathway Total 

oral, inhalation, and dermal chronic exposures will be estimated separately Chronic daily intakes will be 

calculated based on the upper 95 percent confidence limit of the exposure data 

In general, chemical Intakes will be estimated using available region-specific exposure parameters developed 

by the EPA Any deviation from these parameters will be documented and submitted to the regional EPA office 

for approval prior to preparation of the risk assessment 

Toxicitv Assess ment 

In accordance with EPA's risk assessment guldellnes, the projected concentrations of all chemicals above 

background at exposure points will be compared with ARARs to judge the degree and extent of risk to public 

health and the environment (including plants, animals, and ecosystems) Because many ARARs do not exist 

for certain media (such as soils) nor are all ARARs necessarily health based, this comparison is not sufficient 

in itself to satisfy the requirements of the risk assessment process Moreover, receptors may be exposed to 

contaminants from more than one medium so that their total doses might exceed risk reference doses (RfDs) 

and/or might resuit in an excess cancer risk greater than an acceptable target risk as defined by EPA (i e ,lo a 

to 10 Nevertheless, the comparison with standards and criteria is useful In defining the exceedance of 

Institutional requirements Aside from the ARARs discussed In Section 7 0 ,  the following criteria will be 

examined 

@ 

a Drinking water health advisories 

Ambient water quality criteria for protection of human health 

0 Center for Disease Control and Agency for Toxic Substances and Disease Registry soil 
advisories 

a National Ambient Air Quality Standards 

Critical toxicity values (eg, numerical values derived from dose-response information for individual 

compounds) will be used in conjunction with the intake determinations to characterize risk Toxicity reference 

values from EPA's IRIS will be used in preference to other EPA reference values 

A summary of any toxicological studies performed will be provided for all chemicals above background in the 

baseline risk assessment The quafky of these studies and their usefulness In estimating human health risks 0 
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will be described A more detailed explanation of the toxic effects of target chemicals will be provided in the 

appendices to the human health risk assessment and the environmental evaluation Toxicity reference values 

will also be summarized For the human health risk assessment, this will include a brief description of the 

studies upon which selected reference values were based on analysis of the uncertainty factors used to 

calculate RfDs, and an analysis of the EPA weight-of-evidence classification for carcinogens For those 

chemicals without EPA toxicity reference values, a literature search, induding computer data bases, will be 

conducted for selected chemicals A toxicity value will then if possible, be derived from this information EPA 

and CDH will be consuited regarding the appropriateness of the data and the methodologies to be used in 

deriving reference values Uncertainties regarding the toxicity assessment will be discussed 

Two dlfferent types of critical toxiclty values will be used 

0 RfDs for chronic exposure 
The slope factor (for carcinogenic chemicals only) 

Risk Characterizatio n 

Risk characterization Involves integrating exposure assumptions and toxicity information to quantitatlvely 

estimate the risk of adverse health effects Risk characterization will be performed in accordance with EPA 
guidance 

Noncarcinogenic risk will be evaluated by comparison of contaminant intakes at exposure points to chronic 

reference doses for protection of human health Carcinogenic risk will be quantified using slope factors Risk 
will be qualitatively evaluated for those contaminants for which quantltative evaluation is not possible 

The results of the baseline risk assessment will be used to define and evaluate the remedial alternatives during 

the FS 

Uncertaintv Anal- 

An uncertainty analysis will be performed to ldentify and evaluate non-sRe and site specific factors that may 

produce uncertainty in the risk assessment, such as assumptions inherent in the development of toxicological 

endpoints (potency factors, reference doses), and assumptions considered in the exposure assessment model 

(input variablity, population dynamics) First order or statistical sampling (Monte-Carlo) techniques may be 

employed The goal of this task will be to quantify, to the extent practicable, the magnitude and extent of 

uncertainty propagated through the risk assessment process The uncertainty analysis will present the 

spectrum of potential risks under specified scenarios so the risk management decision-maker can obtain an 
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understanding of the level of confkjence associated with all estimates of potential human health risk The 

uncertainty analysis will quantify, to the extent practicable, the Impact of uncertainties in the nsk assessment 

This may Include application of uncertainty analysis techniques such as propagation of errors (i e, first order 

analysis) or numerical methods such as Monte Carlo Analysis Moreover, site-specific factors which may 

produce uncertainty will also be discussed 

@ 

4 1 6 2 Environmental Eva- 

The principal objective of the environmental evaluation for OU No 1 is to assess impacts to the environment 

(biata), especially sensitive habitats and species protected under the Endangered Species Act and other 

applicable regulations, under the 'no-action' remedial scenario The ermlronmental evaluation will be 

conducted according to guidance in the 'Risk Assessment for Supetfund, Vdume ill Environmental Evaluation 

Manual' (EPA, 1989d) and other pertinent guidance, as avalable Previous environmental studies, as well as 

soli, sediment, and surface water data cdiected during this Ri will be used h the environmental evaluation 

Additional field and laboratory acthrltles, including ecdogical Rdd  surveys and tissue analyses on selected 

species, will be conducted to assess the exposure of key food web receptors to site Contaminants and to 

determine effects on ecological endpoints The environmental evaluation workplan and preliminary field 

sampling plan are presented in Section 6 0 

I @  

4 1.7 Task 7 - Trertabllity Studim/Pilot Testing 

A draft Treatability Studies Pian (TSP) (EG&G, 199oj) was prepared and submitted to the regulatory agencies 

in September 1990, in accordance with the draft iAG schedule This document provides comprehensive plans 

for treatability studies designed for remediation of waste sources, soils, and water at all operable untts at Rocky 

Flats Plant The Treatability Studies Program that is addressed by the TSP will serve to determine the 

operability, reliability, cost-effectiveness, and overall implementability of technologies that are approprlate for 

the types of contaminants and contaminated media at the Plant but are not adequateiy proven 

The Treatability Studies Program will address practical (e g , conventional) technologies and 

inmtive/emerging technologies The TSP Identifies both practical and innovative techndogies that are 

applicable to the Rocky Flats Plant contamination, screens these techndogies to determine candidates for 

treatability studies, and provides statements of work for each candidate treatability study Subsequently, work 

plans will be prepared for conduct of the treatability studies The treatability studies will then be performed, 

and a Treatability Studies Report (draft due In May 1993) will be prepared 

The report timing may not permit full utilization of this information for the OU No 1 CMS/FS report (draft report 

due in March 1993) However, the IAG schedule for OU No 1 calls for scoping of treatability studies specific 
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to OU No 1, beginning in February 1992, wfth studies completed by October 1992 During the scoping of 

treatability stud&, the need to acquire additional data on the practical technologies, as well as the need to 
conduct treatability studies for inmwatbe/emerglng technologies applicable to OU No 1 , will be determined 

Work plans will be subsequently prepared, as appropriate 

The Treatability Studies Program and the OU No 1 treatability studies will be a coordinated effort with common 

project control The staff assigned for project control will also supelvise sitespecific treatability studies for 

other OUs as well as the Rocky Flats Plant contributions to the DOE office of Technology Development (OTD), 

integrated demonstrations, and the EPA Superfund Innovatbe Technology Evaluation (SITE) program For 

example, the treatability studies project staff are participating In OTDs integrated demonstrations of plutonium 

in soils that is being conducted at the Nevada Test Site This participation in numerous treatability study 

programs will allow evaluation of all applicable innovative techndogies, and will "streamline" each program to 

avoM duplication of effort 

4 1 8 Task 8 - Remedial Investigation Report 

A draft Phase 111 RFI/RJ Report wll be prepared to consolidate and summarize the data obtained during Phases 

I, I I ,  and 111 RI field work This report will e 
0 Describe In detal the field activities which serve as a basis for the Ri report This will include 

any deviations from the work plan which occurred during implementation of the field 
investigation 

Thoroughly discuss site physical conditions This discussion wNI indude surface features, 
meteorology, surface water hydrology, surflclal and bedrock geology, ground-water hydrology, 
demography and land use, and ecology 

Present site characterization results discussing the nature and extent of contamination as well 
as contaminant migration rates The media to be addressed will Include contaminant sources, 
soils, ground water, surface water, air, and biota Ail relevant quarterly ground-water and 
surface water sampling results will be used In this assessment 

0 Discuss contaminant fate and transport This discussion will indude potential migration routes, 
contaminant persistence, and contaminant migration 

0 Present a baseline risk assessment The risk assessment wli include human health and 
environmental evaluations 

Identify ARARs 

0 Identify remediation goals 

0 Present a summary and conclusions 
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4 2 FEASIBILITY STUDY TASKS m 
A CMS/FS is planned for the 881 Hillside Area to develop and evaluate remedial alternatives for clean up o f  

contaminated soils, ground water, and surface water Results of the Phase 111 RFi/RI, including the ARARs 

analysis and baseline risk assessment, will allow development of remediation goals 

As discussed In Section 25,  the draft FS was incomplete in addressing the full extent and nature of 

contamination The organization of the draft report is also not consistent with more recent EPA guidance 

[Guidance for Conducting Remedial investigations and Feasibility Studies Under CERCIA (EPA, 1988b)I This 

section describes the tasks to be performed that conform with the EPA guidance # 

The CMS/FS process occurs in two phases The first phase consists of developing and screening remedial 

alternatives, and the second phase includes a detailed analysis of alternatives (EPA, 1988b) Each of these 

two phases is discussed in the following sections 

4 2 1 Task 0 - Remedial Alternatives Development and Screening 

The goal of this task is to identify and screen remedial alternatives The work consists of five parts a 
0 Developing media-specific preliminary remediation goals 

Identifying and screening remedal technology groups 

identifying and screening remedial technology options within each technology group 

0 

0 

0 Developing remedial alternatives 

0 Screening remedial alternatives 

4 2 1 1 Establish Preliminaw Remedb tion Goal8 

Preliminary remediation goals will be established early in the FS to support the development and screening 

of remedal alternatives Preliminary remediation goals will be applied as performance objectives for evaluating 

those specific technology processes identified as candldate components of viable remedial action alternatlves 

Within this context, preliminary remediation goals will be used to perform the following 

1 Identify media, areas of the OU, and chemicals requiring remediation This will be 
accomplished by comparing, for each affected media, measured or estimated concentrations 
to preliminary remediation goals 
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2 Identify the degree of remedial action required for each media This will be accomplished by 
comparing, for each affected media, measured or estimated concentrations in areas Indicating 
potentid remediath with preliminary remediation goals 

3 Combining 1 and 2 above plwrides the basis for estimating the volume of media potentially 
requiring remedletion and for gauging the anticipated chemical or radionuclide concentration 
or acthdty gradient 

Consistent with the NCP (FR 55, No 46) preliminary remediation goals for carcinogens Wnl be established at 

a 1 x 10’’ excess cancer risk point of departure Preliminary remediation goals may be revised, as the FS 

evolves, to a different risk level based on the consideration of appropriate factors including, but not limited to 

exposure, uncertainty, and technicel factors 

4 2  1 2  ldentilv Ge neml RarDonso Action# 

General response actions that may prove appropriate at the site were identified in Section 2 5 These actions 

were identified in order to determine data gaps to be addressed in RI activities For each response action, 

potentially applicable remedial technologies were identified These are also presented in Section 2 5 As the 

Phase II RFI/RI progresses, additional potentially applicable technologies will likely be identified 

4 2 1 3  Scree nina of Technoloqy TVDeS and Process 0- @ 

During screening, the broad expanse of potentially applicable technology types wlll be narrowed by eliminating 

those technologies that are not technically implementable Based on contaminant concentrations and other 

site-specific information contained in the Phase II RFI/RI, non-implementable technology types will be screened 

and eliminated from further conskleration 

Technology process options for each retained technology type will then be screened in order to select a 

representatwe process option for each technology type that is technically implementable Process options are 
compared and eliminated based on their effectiveness relative to other processes within the same technology 

type The screening is based on the vdume of media to be treated, achievement of remediation goals, 
potential impacts on human health and the environment, and the proven performance and reliability of the 

option considering the contaminants and site characteristics In addition to effectiveness, the process options 

will also be evaluated based on administrative feasiMity and relative cost Results of treatability studies and 

geotechnical analyses will also be used to evaluate effectiveness, as appropriate 
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4 2 1 4  1 n I 

To develop alternatives, response actions and the process options that are representative of the various 

technology types for each medium WRI be combined to form alternatives for the operable unit in general, more 

than one response action is applicable to each medium Response actions and process options will be 

assembled based primarily on mediumspecific considerations and implementability Descrrptions of each 

alternative will be developed for lndusion in the CMS/FS report 

1 

The response actions outlined in Table 2-21 must be applied to the potential exposure pathways that wlii be 

identified for OU No 1 The response actions can indhndualiy be capable of providing control over all or some 

of the potential pathways Partially effective response actions can be combined to form complementary sets 

of response actions that provide control over all pathways in general terms, potential human exposure may 

be avoided by prevention of contaminant release, transport, and/or contact Thus, application of the response 

actions may be considered at three different points in each potential exposure pathway (1) at the point where 

the contaminant could be released from the source, (2) in the transport medium, and (3) at the point where 

the contact with the released contaminant could be prevented 

During alternative screening, the developed alternatives will be evaluated to ensure that they protect human 

health and welfare and the environment from each potential pathway of concern at the operable unit 

Treatment rates will be MentMed, and the size and configuration of on-site extraction and treatment systems 

or containment structures will be developed The time frame in which treatment, containment or removal can 

achieve remediation goals will be determined Lastly, spatial requirements for treatment units, containment 

structures, staging of construction materlals, excavated wastes, etc will be determined if there are off-site 

actions such as surface water discharge, a regulatory review will be conducted to determine permit and 

compliance requirements Alternatives will then be evaluated in order to differentiate them with respect to 

effectiveness, implementability and cost 1 
Effectiveness is an evaluation of the protecttveness of human health and the environment achieved by a 

remedial alternative action during construction and implementation, and after the response objectives have 

been met Evaluation of effectiveness in the short term Is based on protection of the community and workers, 

impacts to the environment, and the time required to meet remedlal response objectives Long-term evaluation 

of effectiveness addresses the risk remaining to human health and the environment and is based on the 

percentage of permanent destruction, decreased mobility, and/or reduction in volume of toxic compounds 

achieved after response objectives have been met 

implementability is a measure of both the technical and administrative feasibility of constructing, operating and 
maintaining a remedial action alternative It is used during screening to evaluate the combinations of process 
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options with respect to the site-specffic conditions Technical feasibility refers to the ability to construct, reliably 
operate and comply with action-speclfic (technology-specific) requirements in order to complete the remedial 

action Administrative feasibility refers to the ability to obtain required permits and approvals, to obtain the 

necessary services and capachy for treatment, storage and disposal of hazardous wastes, and to obtain 

essential equipment and technical expertise 

a 

Cost estimates for screening will be derived from cost curves, generic unit costs, vendor information, 

conventional cost estimating guMes and prior estimates made for Rocky flats and similar sites, wrth 

modifications made for Rocky flats Plant conditions Absolute cost accuracy is not necessary The cost 

estimates for the alternatives, however, wNI have the same relative accuracy for comparison and screening 

The cost estimating procedures used during screening are similar to those that will be used during the later 

detailed alternatives analysis The later detailed analysis, however, will receive more indepth and detailed cost 

estimates of the components of each alternative The screening cost estimates will include capital, operating, 

and maintenance costs The operating and maintenance costs will be calculated for the lifetime of the 

treatment unit operation at the site Present worth cost analysis will be used for alternatives in order to make 

the costs for the various alternatives comparable 

Alternatives with the most favorable results from the composite evaluation will be retained for further scrutiny 

during the detailed analysis Not more than ten alternatives will be retained for detailed analysis (including 

containment and no action) At that time, it may be determined that additional site-specific information or 

techndogy-specinc treatability studies are necessary for an objective detailed analysis Also, it will be 
necessary to identify and vedfy the action-specific A M s  that each respective alternative will be required to 

meet 

' 0 

4 2 2 Task 10 - Detailed Analyrls of Remedial Alternatives 

The detailed anaiyds is not a decision-making process, but it is the process of analyzing and comparing 

relevant information in order to select a remedial action Each alternative will be assessed against nine 

evaluation criteria, and the assessments wil be compared to Menttfy the key tradeoffs among the alternatives 

Assessment against the nine evaluation criteria is necessary for the CMS/FS and the subsequent Corrective 

Action Decision (CAD)/Record of Decision (ROD) to comply with the requirements of RCRA/CERCLA The 

nine evaluation criteria are described below I 
e Overall Protection of Human Health and the Environment 

a The alternatives will be individually analyzed to determine if the alternative provides adequate 
protection of human health and the environment The protectiveness evaluation focuses on 
how the risks posed by each pathway are being eliminated, reduced or controlled by treatment, 
engineering or institutional measures 
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b Compliance with ARARs 

Each alternative will be analyzed to determine whether it will comply with all state and federal 
ARAFts that have been identified The analysis will address compliance with chemical-specific, 
location-specific and action-specific ARARs in accordance with the NCP if an alternatwe will 
not comply with an ARAR, the CMS/FS report will propose a basis for justifying a waiver, if 
appropriate 

I 

I 

b Long-Term Effectiveness and Permanence 

This criterion 85888888 the risks that are left at the site after the response objectives have been 
met The risks associated with any remaining untreated wastes or treatment residuals will be 
evaluated For each alternative, the magnitude of the residual risk, and the reliability and 
adequacy of the controls used to manage untreated wastes and treatment residuals will be 
addressed 

b Reduction of Toxicity, Mobility or Vdume Through Treatment 

This criterion evaluates the statutory preference of selecting remedial actions that permanently 
reduce toxicity, mobility or volume of the hazardous materials Factors evaluated for each 
alternatnm will indude the proposed treatment process and the materials treated, the quantity 
of materials to be treated or destroyed, and how the primary hazardous threat will be 
addressed, the estimated degree of the reduction in toxicity, mobility or volume that will be 
achieved, the extent to which the treatment will be irreversible, the type and quantity of 
treatment residuals that will remain fd lmng treatment, and a determination if the alternative 
will comply with the statutory preference for treatment 

b Short-Term Effectiveness 

Short-term effectiveness refers to the effects an alternative may have during the construction 
and implementation phases until the cleanup objectives have been achieved Alternatives will 
be evaluated to determine the effects on human health and the environment during 
implementation Each alternative will be assessed against the following factors protection of 
the community and workers during the remedial action, environmental impacts, and the time 
required to achieve the remedial action objectives 

b Implementability 

This criterion assesses the technical and administrative feasibility of Implementing an alternative, 
and the availability of the necessary services and materials The following factors will be 
analyzed during the implementability assessment the technical feasibility of construction and 
operation, the reliability of the technology; the practicability of employing additional remedial 
actions, the ability to monitor the effectiveness of the remedial action, administrative 
coordination with other offices and agencies, the availability of adequate off-site hazardous (or 
mked) waste treatment, storage and disposal, and the availability of equipment, expertise and 
other services and materials 

An in-depth cost estimate will be conducted, and If necessary, a cost sensitivity analysis will be 
prepared to evaluate costing assumptions Capital costs include direct construction costs, 
indirect nonconstruction costs, and overhead costs Operating and maintenance costs are 
incurred after construction in order to operate the remedial action on a continuous basis until 
the remedial action objectives have been achieved CMS/FS cost estimates are expected to 
be within an accuracy range of minus 30 percent to plus 50 percent If this accuracy cannot 
be achieved, it will be stated in the CMS/FS report 
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A cost sensitMty analysis may be conducted to determine the effect that specific cost 
assumptions have on the total estimated cost of an alternative The cost assumptions will be 
based on sitespecific data, technological operating data, etc , although the assumptions will 
be subject to varying degrees of uncertainty depending on the accuracy of the data 

0 State Acceptance 

This criterion addresses the state’s administrative and technical issues and concerns with each 
of the altematlves 

0 Community Acceptance 

Community acceptance addresses the public’s concerns and issues with each of the 
alternatives 

The CMS/FS report will contain a narrative discussion of each altematlve’s evaluation against the nine criteria 

The narrative will describe how each alternative addresses the technical treatability issues, long-term and short- 

term effectiveness, costs, protectlon of human health and the environment, compllance with ARARs, etc Once 

the alternatives have been described, a comparative analysis will be conducted to evaluate the relative 

performance of each alternative The relative advantages and disadvantages of each alternative with respect 

to the other alternatives will be determined in order to assess the key tradeofh that must be made in selecting 

a remedial action A candidate alternative must generally attain the primary objectives of compliance with 

ARARs and overall protectlon of human health and the environment in order for It to be eligible for selection 

as the remedial action A narrative discussion of the alternatives comparison describing the tradeoffs, and the 

benefits and detriments of each alternative in comparison to the others will be included in the CMS/FS report 

@ 

Following completion of the CMS/FS process, the results of the detailed alternatives comparison and risk 

management will be used as the rationele for selecting a preferred alternative and a remedial action Although 

the purpose of the CMS/FS report and process is not to select a remedial action, it will present and evaluate 

the alternatives in sufficient detail in order to objectively consider all significant issues and select a feasible, 

Cost-effective and defensible remedial action 

4 2 3 Task 11 - Feasibility Study Report 

The CMS/FS Report will discuss and present the results of the feasibillty study The results of the detailed 

alternatives comparison will be used as the rationale for selecting a preferred alternative and a remedial action 

Although the purpose of the FS report and process is not to select a remedial action, it will present and 

evaluate the alternatives in sufficient detail in order to objectively consMer all significant issues and select a 

feasible, cost-effective, and defensible remedial action The report will include sections describing site 
background, nature and extent of problem, results of the RFI/RI, ldentification of ARARs, risk assessment and 

enwronmentai evaluation, identification, screening and detailed evaluation of remedial alternatlves, and the @ 
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recommended remedial actions This task includes preparation of a Draft CMS/FS report, and preparation of 

a Final CMS/FS that incoaporates EPA and CDH comments A preliminary outline of the CMS/FS report is 

shown in Table 4-2 
I @ 
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TABLE 4-2 

CUS/FS REPORT FORMAT 

Executive Summary 
1 lntroductlon 

1 1 
1 2 

Purpose and Organization of Report 
Background Information (summarized from RI Report) 
1 2 1 She Description 
1 2 2  Site History 
1 2 3 Nature and Extent of Contamination 
1 2 4 Contaminant fate and Transport 
1 2 5 Baseline Risk Assessment 

2 Identification and Screening of Technologies 
2 1  Introduction 
2 2 Remedial Action Objectives 

Present the development of remedial action objectives for each medium of interest (i e , ground 
water, sol, surface water, air, etc ) 
For each medium, the following should be discussed - Contaminants of interest 

Allowable exposure based on risk assessment (including ARARs) 
Development d remediation goals 

2 3 General Response Actions 

2 4 

For each medium of interest, describes the estimation of areas or vdumes to which treatment, 
containment, or exposure technologies may be applied 
identification and Screening of Technology Types and Process Options - For each medium of 
interest, described 
2 4 1 Identification and Screening of Technologies 
2 4 2 Evaluation of Technologies and Selection of Representative Technologies 

3 Development and Screening of Alternatives 
3 1 Development of Alternatives 

3 2 Screening of Alternatives 

Describes rationale for combination of techndogies/med& into alternatives Note This 
discussion may be by medium or for the &e as a whole 

3 2 1 Introduction 
3 2 2  Alternative1 

3 2 2 1  Description 
3 2 2 2  Evaluation 

3 2 3 1 Description 
3 2 3 2  Evaluation 

3 2 3  Alternative2 

3 2 4  Alternative3 

4 Detailed Analysis of Alternatives 
4 1 introduction 
4 2 IndivkJual Analysis of Alternatives 

4 2 1  Alternative1 
4 2 1 1 Description 
4 2 1 2 Assessment 
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TABLE 4-2 (Continued) 

CMS/FS REPORT FORMAT 

4 2 2  Alternative2 
4 2 2 1  Descripth 
4 2 2 2  Assessment 

4 2 3  Alternative3 
4 3 Comparative Analysis 

Bibliography 

Appendices 
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5 0  

PHASE 111 RFI/RI FIELD SAMPLING PLAN 

The overall objectives of the Phase 111 RFI/RI is to characterize in detail the nature and extent of soil, ground- 

water and surface water contamlnatron at OU No 1 The specific goals of the RFI/RI (EPA, 1988a) include 

the following 

e Characterize &e physical features 

0 Define contaminant sources 

e Describe contaminant fate and transport 

0 Provide a baseline risk assessment 

Provide an adequate body of data for the Feasibility Study and the Record of Decision (ROD) e 

The purpose of Section 5 0 is to provide a detailed Field Sampling Plan (FSP) which will realize the goals and 

the data quality objectives described In Section 3 0 

5 1 FIELD SAMPLING RATIONALE 

A four step approach will be used for the FSP 

Step One 

Step Two 

Step Three 

Step Four 

Review of Existing Data 

Conduct Preliminary and Screening Study Activities 

Conduct Detailed Field Sampling Program 

Conduct Field and Analytical Laboratory Testing Programs 

5 1 1 Step One - Review of Existing Data 

This initial step consists of collecting, reviewing, and analyzing the Phase i and Phase II RI reports, previous 

drafts of the Phase 111 work plan, regulatory agency comments on the draft work plans, responses to these 

comments, and other relevant documents, e g , data, plans, and reports from adjacent or on-going operable 

unit investigations This has been performed in preparation of this work plan The current understanding of 

the nature and extent of contamination at OU No 1 is based on ail available chemical data, however, only data 

collected through the summer of 1989 are presented More recent analytical data are not included in this work 

plan because they are still in the process of being validated and do not significantly alter the site conceptual 
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model The existing data set also indudes an electromagnetic geophysical survey of all the iHSSs [see Phase 

II RI Report (Rockwell International, 1988a)J 

5 1 2 Step Two - Preliminary Fkld md Screening Study Activitim 

This second step involves preliminary field and screening study activities in advance of implementing the 

detailed FSP (Step 3) These indude sunreying of borehole and IHSS locations, FIDLER monitoring surveys, 

air monitoring, surface soil and environmental evaluation reconnaissance visits, mobilization for the drilling and 

sampling program, setting up temporary waste handling facilities, temporary sample storage facilities, and 

establishment of health and safety procedures SOPS have been prepared for these activdies where 

appropriate 

5 1 3 Step Three - Detailed Field Sampling Activities 

The third step is to conduct detaHed field studies that indude 

0 Source characterization, borehde sampling and well installation/samplmg 

Characterization of nature and extent of contamination, well installation/sampling and seep, 
surface water, sediment, and surficial soil sampling 

0 

0 Environmental evaluation study 

Sections 5 2 and 5 3 describe the detafls of the first two activities, respectively The envtronmental evaluation 

study is described in Section 6 0 The environmental evaluation wll be conducted as an integrated study with 

the environmental evaluations for OU No 2, OU No 5, and OU No 6 The results relevant to OU No 1 of this 

integrated study will be incorporated into the OU No 1 Phase 111 RFI/RI Report 

5 1 4 Step Four - Field and Analytical Test8 

This last step indudes all of the testing activities (also presented in Sections 5 2  and 53) such as field 

screening tests for vdatUe organics and radioacttvity, hydraulic pumping and tracer tests, and chemical testing 

of soil and water samples All data obtained from these activities will be compiled in the EG&G Rocky Flats 

Environmental Data System (RFEDS) 

5 2 SOURCE CHARAClERiZATlON 

Further source charactemtion is required for sites within OU No 1 Boreholes will be drilled into IHSSs to 

characterize any waste materiais remaining in place and to assess the maximum contaminant concentrations 
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in soils directly beneath the sites In addition, ground-water monitoring wells will be installed adjacent to some 

of the borehdes to characterize ground-water quality directly beneath the sites This section discusses those 

wells and boreholes which will be ddled for source characterization Wells to be drilled outside of iHSSs for 

characterizing the extent of contamlnatbn are discussed in Section 5 3 1 All proposed Phase 111 RFI/RI wells 

and boreholes are shown on Plate 1 Ddling, sampling, and well installation will fdlow the Rocky Flats Plant 

ER Program SOP (EG&G, 19Wg) 

@ 

Boreholes to be ddled Into IHSSs will extend from the ground surface to the base of weathered bedrock 

Continuous samples will be collected for geologic descriptions for the entire borehole depth From this core, 

discrete samples will be submitted for laboratory chemical analyses every two feet from the ground surface 

to the water table In addition, a discrete sample will be submitted for laboratory chemical analysis if staining, 

discdoration, or odor is observed during drilling A discrete sample will also be cdlected for chemical analysis 

at the water taMe Core from saturated surficial materials will not be submitted to the laboratory, as the 

presence of water in this zone will affect interpretation of chemical results In order to prevent alluvial ground 

water from affecting weathered bedrock samples, surface casing will be grouted into the borehole through 

surficial materhls Subsequent to grout hardening, the borehole will then be advanced through weathered 

bedrock with continuous sampling Discrete samples from the core will be submitted to the laboratory for 

chemical analysis from two feet Immediately below the casing and every four feet thereafter to the base of 

weathering To further characterize weathered bedrock immediately beneath the sites, fracture patterns (both 
degree of fracturing and vertical extent) will be noted on the borehde logs and in situ packer tests will be 

performed in the bedrock where drilling conditions allow 

0 

Alluvial ground-water monitoring wells will be installed adjacent to some boreholes to characterize ground-water 

quality directly beneath IHSSs In addition, bedrock wells will be installed adjacent to borehdes where 

weathered sandstone is encountered to evaluate the potential downward migration of contaminants Wells will 

be drilled, sampled, and completed in accordance with the Rocky Flats Plant ER Program SOP (EG&G, 199Og) 

Source characterization borehole and monitor well locations are discussed in the following sections 

5 2 1 Sample Locations 

5 2 1 1 Oil Sludae Pit Site f IHSS Ref. No, 102) 

The location of IHSS 102 has been revised from that shown in the Phase I1 RI report (Rockwell International, 

1988a) based on further review of historical aerral photographs Specifically, the Oil Sludge Pit Site appears 
on a 1955 aerial photo Also evldent on the 1955 photos is seepage from the plt as shown on Plate 1 The 
plt was covered after its use (Rockwell International, 1987c), and it is no longer visible on 1959 aerial 

photographs Additional soil and ground-water sampling are needed within, surrounding, and downgradient 
0 
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of IHSS 102 to document its location and to evaluate the nature and extent of potential contamination 0 downgradlent of the site 

Two borings are proposed wlthin this site to document Rs presence and location Boreholes BHO1 and BH02 

will be drilled and sampled within the revised site location to identify the nature and maximum concentration 

of any contaminants associated with IHSS 102 cdluvlal monitor well MWOl will be completed adjacent to 

BHOl to monitor ground-water quality directly beneath the site 

In order to assess the nature and extent of sol and ground-water contamlnation downgradient of the Oil Sludge 

Pit Site, five boreholes are Proposed In the area of staining dlrectiy south of the site Boreholes BH03, BH04, 

and BH05 will all be drilled and sampled within the area of seepage from IHSS 102 Mentifled on 1955 aerial 

photographs A colluvial monitor well (MW02) wlI also be Installed adjacent to borehole BH04 to assess 

ground-water flow directions and quality in this area Borehdes BH06 and BH07 are proposed downgradrent 

of the seepage area to assess the extent of soil contamination As the proposed french drain at the 881 

Hillside is upgradlent of the apparent seepage from IHSS 102, borehdes BH03, BH04, BH05, and BH06 will 

be drilled and sampled to evaluate potential sol contamination downgradlent of its proposed alignment 

Additional borehdes are proposed within and surrounding the former retention pond along Woman Creek to 

characterize sol and ground-water conditions in this area Two boreholes (BH08/MW36 and BH09) will be 

drilled within the former pond location, and two alluvial monitor wells (MW03 and MW33) are proposed south 

and southwest of the former pond These wells wlI serve to characterize the Woman Creek valley fill alluvial 

ground water downgradient of IHSS 102 

@ 

5 2 1 2 Chemical Bur& I Site ( IHSS Ref No 103 

No borehdes or monitor wells were installed directly within IHSS 103 during previous Investigations Additional 

drilling and sampling are thus needed to characterize this site Three borehdes (BH10, BH11, and BH12) are 

proposed within the IHSS to identify the nature and maximum concentration of potential contaminants A 

colluvial monitor well (MW04) wli be completed adjacent to BH10 to characterize ground water directly beneath 

the site, and colluvial monitor well MW05 will Characterize ground-water quality Immediately downgradient of 

the site The exact location of MW05 should be evaluated at the commencement of the drilling program to 

incorporate all avalable data on the potentiometric surface in that vicinity 

5213Uauid  Dumdna Site (IHSS Ref No 104) 

e A site east of Building 881 was reportedly used for disposal of unknown liquids and empty drums pnor to 1969 

(DOE, 1986) The site was located as shown on Plate 1 by Rockwell International (1 987c) based on 1965 aerial 
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photographs, however, further review of these photographs indicates this site may be a shadow on the photo 

Based on their description, it is suspected that IHSSs 103 and 104 are actually the same site However, the 

Phase 111 RFI/RI will indude sampling and analysis of soils at the originally reported Uquid Dumping Stte 

location to document its presence or lack thereof Two boreholes will be drilled within this reported IHSS 

location (BH13 and BH14) 

0 

5 2 1 4 0 u t - o  f-Service Fuel Oil T-SS Ref. Nos 105.1 and lo= 

These two sites were effectlvdy taken out of service in 1976 This Is presumably when they were filled with 

asbestos containing materials and then with concrete As the materials inside the tanks are solidified, they do 
not pose an environmental hazard In addition, the tanks tested tight In 1973 when they were pressure tested 

However, in order to document the lack of soil contamination associated with these tanks, two adjacent 

boreholes (BH15 and BH16) and two downgradient boreholes (BH17 and BH18) are proposed 

5 2.1 5 outfa II Site l IHSS Ret. No. 10Q 

The Outfall Site consists of a six inch diameter vitrlned clay pipe which is an overflow line from the sanitary 

sewer sump in Building 887 Discharge from this pipe was observed in December 1977 (Rockwell International, 

1987c), however, subsequent discharges have not been noted Phase 111 RFi/RI activities at this site will 
include verifying the connection between the oulfali pipe and Bulding 887 (original reports of the discharge 

indicated this was a dean-up pipe for an overflow line from the Building 881 coding tower) as well as soil and 

ground-water sampling downgradient of the outfall 

, @ 
I 

In order to verify the source of IHSS 106, water will be introduced to the outfall pipe from the Building 887 

sewer sump, and the outfall on the hiilsMe will be observed for discharge If the water is observed at the 

outfall, then the Building 887 sewer sump is the source of IHSS 106, and measures will be taken to contain 

any future discharges If the Building 887 sewer sump is not the source of IHSS 106, further review of 

construction drawings for Buildings 881 and 887 and discussions with Plant personnel will be needed to identify 

the source of this outfall 

Soil and ground-water contamination may exist downgradient of the Outfall Site due to previous releases from 

the site In order to characterize any contamination, two boreholes (BH19 and BH20) will be drilled and 

sampled immediately below the outfall A colluvial monitor well (MWO6) will be installed adjacent to borehole 

BHl9 to evaluate ground-water quality beneath the outfall 

Final Phase 111 AFI/AI Work Plw - 881 Hllslde Area 
Rocky flats Plant, Golden, Colorado 
eg&g\881\ri fs\fmal\see5 mar 

Revwon 1 8 March 1991 
Page 5-5 



5 2 1 6 Hillside Oil Leak Site 41 HSS Ref. No. 103 

The HilisMe Oil Leak Site was originally designated as an IHSS because of an oil leak at this location in May, 

1973 (Rockwell International, 1987c) It was later discovered that the oil had emerged through the Building 

881 footing drain outfall, and a ditch and skimming pond were built to contain the oil (Owen and Steward, 

1973) The skimming pond is stM present, although, no oil has been observed in the outfall since 1973 
(Rockwell International, 1987c) During the 881 HillsMe Phase ll RI, vdatile organic compounds were detected 

in the outfall pipe discharge and In the sktmmlng pond (Rockwell IntematIonal, 1Q88a) 

There are thus two issues associated with the HiilsMe Oil Leak Site 

1) The nature and extent of soil and groundwater contamination potentially resulting from the 
original hillside oil leak 

2) The source of vdatle organic contaminants currently found in the Building 881 footing drain 
outfall 

Two footing drains extend south from the Building 881 foundation (Figure 1-8) The western line joins the 

eastern line near the southeast comer of Building 885 This line then runs south where it daylights into the 

skimming pond The first step of this source investigation will consist of determining which of the two footing 

drains is the source of vdatile organics at the footing drain outfall This will be accomplished by sampling the 

effluent in each footing drain line through a manhde located just south of their junction The line (or lines) 

responsible for contaminants at the outfall will then be sampled at dean-out points (tf accessible) along its 

length to further isdate the contaminant source 

Sol, groundwater, and surface water samples will be collected within IHSS 107 in order to characterize the 

nature and extent of contamination Soil samples will be cdlected from borehdes within the skimming pond 

Boreholes BH21 and BH22 are proposed and will be advanced to refusal using a hand auger MW17 will be 

installed to assess ground-water quality Routine surface water sampling will continue at statlons SW-44 and 

sw-45 

5 2 1 7 Muhiole Sol vent SD ill Sites OHSS Ref. Nos, 119 1 and 119 2) 

IHSSs 119 1 and 119 2 were used from 1967 to 1972 for barrel storage Although the exact types and 

quantities of wastes stored at these sites are unknown, the barrels likely contained cutting oil wastes and 

sdvents Spills and leaks from these drums likely occurred during the period of drum storage Barrel storage 

locations within the sites are shown on Figure 1-7 a 
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A total of ten boreholes are proposed within the western barrel storage area to characterize the nature and 

extent of soii contaminatlon associated with this site Boreholes BH23 through BH32 will be drilled and 

sampled within the drum storage areas as shown on Plate 1 In addition, Cdlwial monitor wells MW07, MW08, 

MW09, MW10, and MW11 will be Installed to evaluate ground-water quality beneath the site and at the 

downgradient edge of the &e Also, two piezometers will be installed on either side of the extraction well to 

help evaluate the effectiveness of the ground-water evacuation I 
IHSS 119 2 

Seven boreholes (BH33 through BH39) are proposed within the barrel storage areas of IHSS 1 19 2 to evaluate 

the nature and extent of potential soil contamination Monitor wells MW12 and MW13 will setve to monitor 

ground-water quality at the site’s east-southeast downgradient edge 

5 2 1 8 Radioactive Site No. 1-800 Area l IHSSRef No 13Q) 

This site was used to dispose of soli contaminated with low levels of plutonium between 1969 and 1972 

Radionuclides were not above background levels in soil samples collected from this site during the Phase I 
and Phase II Rls However, additional soii samples will be collected from eight boreholes during the Phase 111 

RFI/RI to verify this finding Boreholes BH40 through BH47 will be drilled and sampled through the site to 

assess the nature and extent of sol contamination in addition, colluvial monitor wells MW14, MW15, and 

MW16 will be installed adjacent to boreholes BH45, BH46, and BH47, respectively, to monitor water quality at 

the downgradient edge of this site 

@ 

5 2 1 9Sanltaw Waste U ne Leak S ite (IHSS Ref No lw 

IHSS 145 is an area at the southeast corner of Building 881 where the sanitary sewer leaked in January 1981 

No hazardous or radioactive constituents were released to the environment by this leak and the leak was 

repaired (Rockwell international, 1987~)~ so contamination is not expected at this site However, two boreholes 

BH48 and BH49 are proposed to check that indlcations of possible contamination in the nearby well 1-87 are 

not from this IHSS MW18 will also be installed to monitor ground water downgradient of the site 

5 2 1 10Buildina 885 Drum S tomae S ite (IHSS Ref No 177) 

0 Building 885 IS currently used for satellite collection and Wday accumulation of RCRA regulated wastes A 

plan for soil sampling at this site is provided in the RCRA Interim Status Closure Plan which is appended to 
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the revised Post-closure Care Permit Application for Hazardous and Radioactive Mixed Wastes at the Rocky 

Rats Plant (Rockwell International, 1988d) Since ground water must be addressed under the RFI/RI program, 

a borehole (BH50) will be drilled downgradient from IHSS 177, and monitor well MW19 will be installed adjacent 

to BH50 

e 

Coherex sprayed on the ground surface at the 881 Hillside Area IS hypothesized to be the source of toluene 

BH53, and BH54) will be drilled and sampled downgradient of the proposed french drain location to further 

define the extent of toluene In sdls These boreholes are also located downslope of the gravel access road 

along Woman Creek, as this road is believed the southemmost location of Coherex application 

in borehole samples along the proposed french drain alignment Four additional boreholes (BH51, BH52, 0 

5 2 2 Sample Analysis 

5 2 21 Chemical Anrhnis of Soil Sa mole8 

Soil samples will be collected from boreholes within and adjacent to IHSSs to characterize sources All 

samples will be analyzed for the chemical parameters listed in Table 5-1 following CLP methods or the methods 
specMed in the GRRASP These parameters are essentially the same as those analyzed in the Phase i RI 

except that ol and grease and RCRA characteristics are eliminated Oil and grease have not proven useful 

in determining extent of soil contamination, and RCRA hazardous waste characteristics have been within 

acceptable limits Total petroleum hydrocarbons were added to the analyte list for IHSSs 102 and 105 where 

fuel oil is a potential contaminant With a few exceptions, the TCL list for organics and the TAL list for 

Inorganics are the same as the previously used HSL list for organics and inorganics The laboratory will be 

expected to analyze constituents to a detection limit at or below ARARs If that is not possible for some 

samples, the laboratory must provlde a complete explanation for the reason(s) 

@ 

5 2 2 2 Soil Blanly 

Use of soil blanks Is not necessarily standard protocol in the collection of soil samples for subsequent chemical 

analysis In the Phase I and II Rls, methylene chloride, acetone, and phthalates appear to be contaminants 

in samples that were introduced through sample handling or sample analysis Soil blanks were not used 

in the previous investigation but appear necessary to confirm these findings An investigation will be 

designed to determine the source of pMhalate contamination in soil samples and the need for soil blanks If 

appropriate, an alternative to previous field methods sampling will be implemented to avoid phthalate 0 
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TABLE 5-1 

PMSE 111 RFI/RJ 
08311EYT, BOREHaLES, -FACE WTER AID GIWUO-WTER 

SAlpLIWc PARMmRS 

TOTAL WALS 
Target AMlyte List - 
sediment wd Boreholes 

Aluminn 
Antimony 
Arseni c 
Barim 
Beryl 1 iun 
C&iu 
Calciu 
Chraiun 
Cobalt 
Coppar 
Iron 
L e d  
Wagnesiun 
Mcmgw#.e 
Wercury 
Nickel 
Potassi UI 
Seleniun 
S i  lver 
sodi un 
Thalliun 
Vanadiun 
zinc 

OTHER mALs 
Sediment and Boreholes 

MolywCnrn 
Strontiun 
Cnrun 
Lithiun 
Tin 

OTHER IYQRCAIIICS 
Sedinant and Boreholes 

PH 
Sulfide 
Nitrate-Nitrite (as NI 
Percent Solids 
CyMlrde 
Woirture Content 
Orthophosphate 
Bran& 
Amoniun 
Silica (as Si and SiOJ 

I ID ICATORS 
sediment and Boreholes 

Dissolved Organic Carbon 
Total Organic Carbon 

OTmp-s 
Total Petroleun Hydrocarbons* 

Final Phase 111 RFI/RI Work p l ~ n  - 881 Htllride Area 
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TOTAL mALs 
Target Analyte List - 
G r o u d  Uater (Dissolved Metals) 
.nd Surface Uater (Total and Dissolved Metals) 

Aluninun 
Antimony 
Arsenic 
Bar i LMI 
Beryl 1 i un 
c.daiun 
Calciun 
Chrariun 
Cobalt 
coppar 
Iron 
Lead 
Magnesiun 
Wanganese 
Mercury 
Nickel 
Potassium 
Seleniun 
Si lver 
Sod1 un 
Thalliun 
Vanadiun 
zinc 

OTm mALs 
G r o u d  Uater a d  Surface Uater 

Wolywcnun 
Stront iun 
Ceslun 
Lithiun 
Tin 

FIELD P M T E R S  
Ground Uatrr and Surface Uater 

PH 
Specific Conductance 
Tanpcrature 
Dissolved Oxygen 

1Y) I UTORS 
Ground Mater and Surface Uater 

Total Dissolved Sol ids 
Total Organic Carbon 
Dissolved Organic Carbon 
PH 

Surface Mater 
IY)IUTORS 

Total Suspended Solids 

AWIQ1S 
Ground Uater and Surface Uater 

Carbonate 
Bicarbonate 
Chloride 
Sulfate 
Nitrate as N 
Cyrnlk 
Fluoride 
Bromide 
silica (as Si and SiO,) 
krnonlun 
Orthophosphate 

OTHER PARAWmRS 
G r a n d  Uater 

Total Petroleun Hydrocarbons* 
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TABLE 5-1 (Conti&) 

PMEE 111 UFIRI 
S€DIENT, YIREIIOLES, -FACE YATER AID eRQID-MkTER 

EWPLIWC PARWElRS 

TOTAL MDIOIIIXIWS 
Sedilmt and Boreholes 

Gross Alpha 
Groro Beta 
Urmiu -233&234,235, and 238 
Ancricirrn -241 
Plutonim -2398240 
Tritiun 
Strontiun -89,90 
Cairn -137 
R d i u  -226, 208 

OAWIICS: WUTILES 
Target Capwnd List - 
Sedilmt and Boreholes 

Chloromethane 
Brananethane 
Vinyl Chloride 
Chlororthane 
Hethylene Chloride 
Acetone 
Carbon Disulfide 
1.1-Dichlorocthene 
1,l-D i ch lorocthane 
total 182-Dichlorocthene 
Ch lorof o m  
182-Dichloroethane 
2-Butw#nc 
l,l,l-Trichlorocthane 
Carbon Tetrachlor ide 
Vinyl Acetate 
B r d i  ch 1 orathane 
1,l ,2,2-Tetrochlorocthane 
1,2-D i ch lorapropane 
t r m -  1 , 3-0 i ch loropropene 
Tr i ch 1 oroethm 
D i brolnoch loromethane 
181,2-Trichloroethene 
Benzene 
cis-l,3-Dichloropropnw 
Bromoform 
2-Hexanom 
4-Nethyl-2-pmtam 
Tetrachlorocthene 
Toluene 
Ch lorobemme 
Ethyl Benzene 
Styrene 
Total Xylenes 

DISSUVBD WIQUCLIDES 

Grws Alpha 
Gross Beta 
Urrnirn -233&234,235, a d  238 
Anrriciun -241 
Plutmim -2398240 
Tritiu 
Strontiun -89,90 
Cesiu 137 
U d i u  226,228** 

Ground Uater and Surface Ueter 

TOTAL RUDlOlUCLIDES 
Surface Uater 

Urmirn -233&234,235, and 238 
PLutonim -239P240 
kncriciun -241 
C m i m  -137 
Strontiun -89,90 
Rdim -226,228** 

TOTAL MDIQIIUIDEE 

Tritiun 

ORGAYICS: VDUTILES 

Ground Uater and Surface Uater 

Target Conpwnd List - 
Ground Uater and Surface Uater 

Chloramethane 
Brolnoncthene 
Vinyl Chloride 
Chlorocthane 
Nethylene Chloride 
Acetone 
Carbon Disulfide 
1,l-Dichloroethme 
1,l-Dichloroethane 
total 1,t-Dichloroethene 
Ch lorof o m  
1,2-Di chloroethane 
2-Butano~ 
1,l ,l-TrichLoroethane 
Carbon Tetrachloride 
Vinyl Acetate 
B r d i  chloratncthane 
1 , 1,2,2-Tetrachloroethane 
1,2-Di chloropropane 
trwrs-l,3-Dichloropropcne 
Tr ichlorocthene 
Di bromochloromethane 
1,1,2-Trichloroathane 
Benzene 
ci 8- 1,3-D ich Loropropene 
Bromoform 
2- Hexanone 
4-Net hy 1 - 2- pent anone 
let rach loroethem 
Toluene 
Chlorobenzene 
Ethyl Benzene 
Styrene 
Total Xylenes 

a 
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T A W  5-1 (Continued) 

PMME I11 R F I R I  
SEDIIEWT, BORE-, mF&E WTER UO CRQ#-WTER 

s#mLIw6 P-s 

ORWICS: OWI-VOLATILES 
Target Conpoud List - 
Sediment and Borehole 

Phenol 
bi s(2-Chloroethyl )ether 
2-Chlorophanol 
1.3-D i chlorobenzene 
l84-Dichlorobentene 
Benzyl Alcohol 
1 , 2-Di ch Lorobenzene 
2-Ckthylphenol 
bi s[Z-Ch Loroi sopropy1 )ether 
4-Methylphenol 

Hexad! loroethane 
Nitroknrene 
I sophoronc 
2-Nitrophenol 
2,4-Di~thylph~~l 
Benzoic Acid 
bi e(Z-Ch 1oroethoxy)methane 
2,4-Dichlorophanol 
182,4-Trichlorobenzene 
Naphthalene 
4-Chlormiline 
Haxuhlorobutadiene 
4-Chloro-3-methylphml (para-ch Loro- 

mta-cresol) 
2-Methylnaphthalene 
Hexechlorocyclopentadiene 
2,4,6-Tr ich Lorophenol 
2,4,5-Trichlorophenol 
2-Chlororuphthalene 
2-Nitro~iLine 
Dimethylphthalate 
Acenaph t hy 1 ene 
3-11 trorrni line 
Acenaphthene 
2,4-D1 ni t rophw 1 
4-1 i t rophenol 
Dibenzofuren 
2,4-Dinitrotoluene 
t86-Dini trotoluene 
Diethylphthalate 
4-Chlorophmyl Phenyl ether 
Fluorene 
4-Nitrmiline 
4,6-Dini tro-2-methylphenol 
N-ni trosdiphenylanine 
4-Braophanyl Phenyl ether 
Hexach 1 orobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Di -n-butylphthalate 
Fluoranthene 
Pyrene 
Butyl Benzylphthalate 
3,3 I -D i ch Lorobenzi dine 
Benzo(a)anthracene 
bis(2-ethylhexyl )phthalate 
Chrysene 
Di-n-octyl Phthalate 
Benzo(b)flwranthene 
Benzo(k)fluorenthene 
Benzo( a)pyrene 
Indono( 1 ,2,3-cd)pyrene 
D i benz(a, h )ant h racene 
Benzo(g,h, 1 )perylene 

N-Nitroso-Dipropylamine 

-ICs: SNI-WATILES  
Target Conpand List - 
Ground Uater 

Phanol 
bis(2-Chlorocthyl )ether 
2-Chlorophenol 
'I ,3-D1ch lorobenzene 
1,C-Di chlorobenzene 
Bauyl Alcohol 
1 J-Di ch Lorobenzene 
2-llathylphenol 
bir(2-Chloroi sopropy1 lether 
4-lkthylphenol 
N-Ni trwo-Dipropylmnine 
Hexach 1 oroethane 
Nitrobenzene 
Isophorone 
2-Ni trophenol 
2,4-D111Whylphef101 
Benzoic Acid 
bis(2-Chlorocthoxy)methane 
2,4-Dichlorophenol 
1,2,4-Tr i ch Lorobenzene 
Naphtha Lene 
4-Chloroanilim 
Hexachlorobutadiene 
4-Chloro-3-mcthylphenol(para-chloro-meta- 

2-Methylnaphthalene 
Hexach Lorocyc Lopentad1 ene 
2,4,6-Tr i ch Lorophenol 
2,4,5-TrichlorophenoI 
2-Chloronephthalene 
2-Nitroaniline 
Dimethylphthalate 
Acmrphthylene 
3-Nitroani line 
Acumphthene 
2,4-Dini trophmol 
4-111 trophenol 
D ibenzofuran 
2,4-Dini trotolwne 
2,6-Dini trotoluene 
Diethylphthalate 
4-Chlorophenyl Phenyl ether 
Fluorene 
4-Nitroaniline 
4,6-Dini tro-2-methylphenol 
N-nitrosdiphenylamine 
4-Branophenyl Phenyl ether 
Hexach 1 orobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
01-n-butylphthalate 
F 1 wranthene 
PVr- 
Butyl Benzy 1 ph the 1 ate 
3,3~-Dichlorobenzidim 
Benzo(a)anthracene 
bi s(2- e t hy 1 hexyl ) ph t he 1 e te 
Chrysenc 
Di-n-octyl Phthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno(182,3-cd)pyrene 
D i knz( a, h)anthracene 
Benzo(g,h,i )perylene 

cresol) 
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TABLE 5-1 (Continuad) 

PllAsE 111 RFI/RI 
mIIEwT,  WIEIKKES, -FACE WTER UD QQID-WTER 

-1wG PAumilEUS 

ORWICS: P E S T I C I ~  
Target Carpornd List - 
Sediment d Boreholes 

alpha-BHC 
beta-BHC 
del ta-BHC 
g m - B H C  (Ltnbne) 
Heptachlor 
Aldrin 
Heptachlor Epoxide 
EndosUlfM I 
Dieldrin 
4,4'-DDE 
Endrin 
EndorulfM I1 

Endosulfan Sulfate 
4,4' -DDT 
Endrin Ketone 
Methoxychlor 
alpha-Chlordane 
gn-Chlordone 
Toxaphene 
AROCLOR-1016 
AROCLOR- 1221 
AROCLOR-1232 
AROCLOR-1242 
AROCLOR-1248 
AROCLOR - 1254 
AROCLOR-1260 

4,4'-DDD 

aRW1CS: PEsT1c1DEsIpco. 
Target C w  List - 
Grand Uater 

a Lpha- BHC 
beta-BHC 
del to-BHC 
g m - B H C  (Lindane) 
Heptachlor 
Aldrin 
Heptachlor Epoxide 
EndoSUlfM I 
Dieldrin 
4,i -DDE 
Endrin 
EndoSUlfM 11 
4,4'-DDD 
EndosUlfM Sulfate 
4,4'-DOT 
Endrin Ketone 
Methoxychlor 
alpha-Chlordane 
ganm-Chlordane 
Toxaphene 
AROCLOR-1016 
AROCLOR- 1221 
AROCLOR- 1232 
AROCLOR-1242 
AROCLOR-1248 
AROCLOR-1254 
AROCLOR-1260 

For sanples collected fra IHSSs 102 and 105 only (MW1/BH01, BHOZ, BH03, llU02/BH04, BHOS, BH06, BH07, 
eM6/BH08, BHW, BH15, BH16, BH17, and BH18) 

** Decision tree If Gross Alpha is t 5 pCi/C the sanplc will be analyzed for Rediun-226,228 
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contamination from sample handling In the future The laboratory will be expected to avoid contamination of 

samples with vdatile organics and phthalates using appropriate procedures e 
5 3 NATURE AND EXTENT OF CONTAMINATION 

In addition to source characterization, the Phase 111 RFi/Ri will focus on additional ground-water, surface water, 

and sediment sampling to further characterize the nature and extent of contamination In each of these media 

arising from the IHSSs These sampling programs are outlined in detal below 

5 3 1 Ground Water 

5 3 1 1 Monitor Well Locations 

Based on data collected during the Phase I and iI investigations, vdatiie organics are present in the unconfined 

ground-water flow system at the 881 Hillside Area The extent of contamination is not fully delineated, and 

additional monitor wells are needed to define the vertical and lateral extent of the organics Potential major 

ion, trace metal, and radionuclide impacts to ground water were not well characterized in the Phase iI Ri report 

due to the lack of appropriate background ground-water quality data Presented below are proposed 

monrtor well locations and rationale to further characterize ground-water flow and quality in the unconfined flow 
system within OU No 1 Bedrock wells will be installed adjacent to alluvial wells at all locations where 

sandstone is encountered 

0 

mradient Wells 

Four new alluvial monitoring wells are proposed upgradient of the 881 Hillside Area to characterize the quality 

of ground water entering the sites These wells (MW20, MW21, MW22, and MW23) will all be Completed in 

Rocky Flats Alluvium MW20 and MW21 will be located east and north, respectively, of Building 881, and wells 

MW22 and MW23 will be located on the Rocky flats Alluvium terrace north of IHSSs 119 1 and 119 2 (Plate 1) 

IHSSs 118 1 and 134 

Four alluvial and three bedrock wells will be installed downgradient of IHSS 119 1 to further charactenze the 

extent of vdatiie organics detected in wells 48-87, 10-74, 9-74, and 4-87 Alluvial well MW24 will be located 

between 9-74 and 4-87 and will be completed in cdluvial gravel Data from this well will serve to further 

characterize the transport of contaminants found in wells 9-74 and 43-87 to well 4-87 Alluvial wells MW25 and 

MW26 will further delineate the extent of cdluvial saturation and water qualtty south of IHSSs 119 1 and 130 0 
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Further Investigation of the bedrock sandstone at well 587 is also proposed for the Phase 111 RFi/RI, because 

TDS, strontium, and selenium were elevated during 1989 Three wells (MW27, MW28, and MW29) are 
proposed for completion in this sandstone (Plate 1) As the extent and orientation of the sandstone and the 
ground-water flow direction within the sandstone are uncertain, these wells wUI be located in presumably 

upgradient (we& sidegradient (south), and downgradient (east) directions Water level data from the wells 

will then be used to determine ground-water flow directions 

e 

in addition to well MWO2. three other cdluvial monitor wells will be installed along the South interceptor Ditch 
These wells (MW30, MW31, and MW32) will sew8 to monitor ground-water quality and levels adjacent to the 

ditch (Plate l), and the resdtlng data will be used to evaluate the Interaction between South Interceptor Ditch 

surface water and unconfined ground water 

Woman C W  VaUw All 

Further charactedzatlon of valley fUI water quality and the surface water/ground-water interaction are also 

needed along Warnen Creek downgradient of the 881 Hillside Area Wells MW33, MW34, MW35, and MW37 

in addition to well Mwo3, WYI all be completed In Woman Creek valley fill alluvium (Plate 1) 

I 4 

5.3.1 2 -I 

Ground-water samples WW be collected on a quarterly basis from all new and existing monitoring wells at the 

881 Hillside Area upon compleUon of well development Samples will be analyzed for the parameters listed 

in Table 5-1 during the first round d sampling after completion d new wells. This parameter list may be 

reduced in subsequerrt quarterly sampling eventa if certain parameter groups are not detected or are not 

significantly abum background levels and if approved by EPA and CDH Ground-water samples will be 

analyzed In the ffe# for pH, conducthrity, and temperature Sample aliquots designated for metals, plutonium, 

americium and MIkrm arndyms will be filtered in the field, and samples requiring presetvation will be preserved 

In the field 

5.3.1.3 BC T m  

In order to further characterke hydraulic conducthrity values of geologic materials in the 881 Hillside Area, 
hydraulic tests will be performed in all newly installed monitor wells subsequent to well development These 

tests may be dug tests, ball dawn-recovery tests, or single hole pumping tests depending on the sustainable 

0 
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I flow rate from a given well The testing program may be modffled per conditions that are encountered in the 

field Hydraulic test data wtll be analyzed using a method appropriate to the field test method 0 
, 
I 
I 

Creek were chosen as test locations (Figure 5-1) The testing program may be modified per condltions 

encountered in the field 

0 Slug Tests - Bower and Rice (1976) 
0 B a i l d ~ / R ~ e ~  Tests - Theis (1935), Thiem (I=), or Cooper, et (1967) 
0 

0 

Single Hole Pumping Tests - Theis (1935). Cooper and Jacob (1964) 
Multi-Well Pumping Tests - Theis (1935)' Cooper and Jacob (1964) 
Tracer Injection Tests - Owta (1 970) 

0 

In addition, multi-well pumping and tracer tests will be performed along Woman Creek to further characterize 

the valley fill alluvium as discussed below Vertical hydraulic gradients wlll be determined from water level data 

Pumdna and Tracer Tests in Worn n Creek Vallev Alluvium 

Each test will be performed in an array of 15 wellpoints (Figure 5-2) The array has been designed to produce 

linear flow for the tracer test, however, the array is also suitable for the pumping test The wellpoints will 

consist of 1 5-inch diameter stainless steel wellpoints drhren into the ground using a drill rig In order to 

minimize deviation from vertical while driving the wellpoints, a pilot boring will be made to approximately four 

feet below ground and the point driven through the hollow stem of the auger The screens will be five feet long 

so that the points are screened over the entire saturated thickness After completion of each test, the 

wellpoints will be pulled out of the ground and any remaining openings filled with neat cement grout with five 

percent bentonite The well points Will be re-used in the next tests 

Pumdna Test i 
The pumping test will be performed by pumping Well A (Figure 5-2) at a constant rate for four hours In 

general, the Woman Creek alluvium varies in thickness from three to eight feet and the saturated thickness 
varies from about zero to four feet, although the alluvium can become fully saturated at times The alluvium 0 
Final Phase 111 Rfl/RI Work flan - 881 Hillside Area 
Rocky Flat0 Plant, Golden, Colorado 
eg&g\88l\n fs\final\smc-5 m u  

Revision 1 8 March 1991 
Page 5-15 



0 

I .’ e 



j I .' C 

I 
f 

\ 
T 
1 

A 

23 

7 

-I 

\ 

PUMPING AND TRACER TEST 
WELL ARRAY 

5-2 w, 1991 



is a minimum of seventy4ve feet wide and the hydraulic conductivity is approximately 8 x lo4 cm/s, based 

on baildown-remvery Preliminary calculations (assuming a saturated thickness of four feet, hydraulic 

conductMty of 8 x lo4 cm/s, and a storage coefficient of 0 1) indicate that the Woman Creek alluvium can 

sustain a constant discharge of 0 14 gallons per minute (gpm) for the period of pumping with drawdowns 

ranging from two feet In a fully efficient pumping well to 0 19 feet at a distance of five feet 

0 

The well will be suction-pumped using an electrically operated peristaltic pump A peristaltic pump is expected 

to perform well in this application because the suction lift is small (estimated to be no more than ten feet) and 

because a peristaltic pump can be run at very small, constant flow rates All produced water will be drummed 

(41 gallons in four hours) and reinjected into the formation as part of the tracer test Timedrawdown data 

during both the pumping and recolrery periods will be collected from all of the wells using either depth to water 

probes or pressure transducers 

The pumping test will be analyzed as a constant rate withdrawal test in unconfined materials to yield hydraulic 

conductivity and storage coefficient Delayed yield will be considered, if appropriate In addition, the efficiency 

of the well (theoretical drawdown dhrtded by observed drawdown, times 100 percent) will be evaluated for use 

in the tracer test calculations 

TracerTed 

A linear flow system will be created by injecting water into the five upstream wells and withdrawing water from 

the h e  downstream wells Although two lines of three wells can produce linear flow between the middle wells, 

two lines of five wells will be used in order to provide greater assurance of linear flow between the middle wells 

Water will be supplied to the injection wells and withdrawn from the withdrawal wells (Figure 5-2) using 

peristaltic pumps controlled by electrical liquid lewi probes Water levels in both the injection and withdrawal 

wells will be allowed to fluctuate approximately 0 20 feet and will result in an average head differential of one 

foot (gradient of 0 25) The water levels will be maintained such that the upstream wells produce a one foot 

head increase and the downstream wells produce approximately an unchanged head condition Heads in the 

formation will be calculated assuming that the well efficiencies are as determined in the pumping test 

Steady linear flow will be created by injecting the ground water withdrawn during the pumping test plus waters 

withdrawn from the withdrawal wells It is estimated that each well will require an average steady flow of 

approximately 0 03 gpm (calculated using the Darcy equation) and that steady linear flow will be achieved in 
approximately m e n  hours 

' The tracer test will be performed in two phases after linear flow has been achieved The first phase will inject 
a nonconductlve fluid (distilled water) into the injection wells, the arrival of the injection flu@ at the downstream 
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withdrawal wells will be indicated by a reduction of the conductivity of the water The natural conductwhy of 
the alluvial ground water is approximately 500 to 1,OOO micromhos per centimeter and that of distilled water 

is near zero 

Although there are many other tracers that could be used in this test, distilled water is felt to be the least 

environmentally damaging and was therefore selected Releases of adsorbed ions from the solid phase to the 

distilled water may occur during the course of the test, however, the magnitude of this effect is expected to 

be small because of the quartzstic and granitic mineralogy of the formation If adsorbed ions are released, the 

steady state conductMty at the downstream wells will be somewhat higher than zero, the actual value will be 

used as the 100 percent concentration for breakthrough and earlier values scaled accordingly The impact of 

using a lower concentration tracer will be tested by re-injecting the produced formation fluids (higher 

conductivity) as a second phase of the test All water withdrawn during the test will be drummed for this later 

use if the lower conductWy water cannot be detected in the withdrawal wells, an alternate test will be 

designed using Rhodamine WT dye with either a fluorimeter or a spectrofluorometer for quantitative detection 

Time-conductMty data will be collected from all of the wells using dedicated conducttvity probes Complete 

mixing of the water in the injection and withdrawal wells will be achieved with a recirculation system to avoid 

chemical stratification In the wellbore Conductivity wll be measured In flow-through conductivity cells uphole 

Water wilt be added or withdrawn from the recirculation system on each well through solenoid valves controlled 
by the liquid level probes It is estimated that the 50 percent concentration will arrive at the withdrawal well 

approximately 400 minutes alter injection begins (using an effective porosity of 0 1, hydraulic conductivity of 
1 x lo4 cm/s, gradient of 0 25 and a dispershrity of 0 1 feet) The test will continue until the conducttvity In 

the middle withdrawal well stabilizes 

@ 

During the second phase of the tracer test, the water collected during the first phase will be injected into the 

injection wells (approximately 150 gallons) without withdrawal from the withdrawal wells The intent of the 

second phase is to evaluate the impact of using a lower concentration tracer during the first phase The test 

will be performed as described above and the dispersivity recalculated for comparison with the original 

determination During this phase, linear flow will be maintained but gradients may vary somewhat during the 

test because downstream withdrawal will not occur, possibly resulting in unsteady flow Again, the water in 

the withdrawal wells will be mixed wing the recirculation system to prevent stratification in the wellbore The 

test will continue until the conducthrity of the water in the middle withdrawal well stabilues 

The time-conducthrity data will be analyzed using the equation for dispersion in a semi-infinite medium in a 

unidirectional flow field (Ogata, 1970) The time at which the 50 percent concentration arrives at the 

downstream withdrawal well wUI be used to calculate the effective porosity (given that the gradient is known @ 
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from the test conditions and the hydraulic conductMty Is known from the pumping test) The dispersivity will 

be found by cuwe matching to the time-conductivity data @ 
These calculations will yield a vert[cally averaged longitudinal dispersivity appropriate for use with a vertically 

averaged hydraulic conductMty The effects of hydraulic conductivity variations will be Included in the 

calculated dlspetsMty It Is recognized that spatial variation of both the hydraulic conductivity and the 

transport p~rametm is likely, therefore, three tests will be performed at dlfferent locations in the alluvium It 

is also recognized that dispersMty is a scale dependent parameter and that the dispershrity developed in these 

tests will only be appropriate for finely gridded analytical models (nodal spacings on the order of 4 to 40 feet) 

However, It is anticipated that the effective porosity values developed will be applicable for calculation of 
nondispersive groundwater flow velocities 

A small test pattern was selected to cause measurable responses In a reasonable amount of tlme The 2-foot 

well spacing will permit measurable responses after four hours of pumping at 5 feet from the pumping well 

Each phase of the tracer test (establish linear flow, achieve 50 percent concentration, achieve 100 percent 

tracer concentration, repeat using natural salinity tracer to 50 percent concentration, achieve 100 percent 

natural salinity tracer concentration) Is expected to require approximately seven hours Thus, the entire tracer 

test is expected to requke approximately 35 hours for flow over only four feet of alluvium a 
Sediment stratification and artifacts of dose well spacing and well development are potential sources of error 

' 0  

for these aqulfer tests The test designs descrlbed above address these issues as follows 

0 Sediment stratification may pla an important role in the hydraulic behavior of the system during 
the pumping and tracer tests Lit lculations of system response in which thin, highly conductive 
layers are present MI result in a slightly higher hydraulic conductivity and a considerably lower 
effective poroslty However, these values will be appropriate for prediction of travel times in the 
layered system 

The ratio of the wellpoint spacin to the wellpoint diameter (2 feet divided b 1 5 inches, ratio 

Navy (1983) predicts that an insignificant relative density can be achieved by driving piles at a 
spacing to diameter ratio of 16 This is consistent with field test reported by Basore and 
Bobno (1969) which resulted in no significant increased density for spacing to diameter ratios 
in excess of about 5 

of 16) is too great to achieve sign a icant compaction between the wellpoints t; epartment of the 

e Installation of wellpoints was selected as opposed to installation of monitor wells, to minimize 
disturbance of the allwium for the purposes of these tests 

The degree of well development Influences the res nse of the water level In the pum ing well, 

of poor development on the response of observation wells results from the fact that head loss 
for flow through the well skin is proportional to the velocity squared Because very llttle water 
passes through the well skin (only that amount required to effect the water level change), the 
velocity Is small and the head loss is even smaller Although signlficant removal of fines due 

but generally has lktle effect on the response of t R" e observation wells The negligib P e impact 
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to well development is not expected, the amount of development will be limited in order to 
mhlmke this effect The degree of development will be evaluated as well efficiency (the ratio 
of actuel drawdown to the theoretical drawdown) 

5 3 21 &-- 

Ten surface water stations w e  established south of the 881 HUlsMe Area in the Woman Creek drainage during 

the 1986 and 1987 lnvestlgations Surface water sampling at these stations Is currently conducted on a 

monthly basis and MI continue through 1990 Concurrent flow measurements will be made Figure 2-20 
presents surface water monitoring locations in the area, and Table 5-2 presents the surface water stations to 

be sampled during the Phase 111 RR/RI Bedload sediment samples were taken In October 1989 at stations 

along Woman Creek and the South Interceptor Ditch (Figure 2-21) The resulting data should suffice as 

confirmatory informatb regarding the concentrations of volatile organics, metals, other inorganics, and 

radionuclides in the sediments However, sedlment sampling is continulng at the Plant, and bedload sediment 

samples will be collected from the 881 Hillside Area For the Phase 111 RFI/RI, physical characteristics of the 

sediments (background and "downgradienf) and the spatial distribution of the metal concentrations will be 

examined to assess the adequacy of the background sediment geochemical characterization and thus whether 

metals are contaminants in the sediments at the 881 Hillside Area Three new sediment stations will be 

established (SED-37, SED-38, and SED-39) near surface water sampling stations SW-35, SW-57, and SW-70, 

respectively These stations wUi presumably not be subject to iduence by the 903 Pad Area as are the existing 

stations to the east 

@ 

5 3 2.2 Chemical AMlvth of Surface water and sed iment Sa- 

Laboratory analyses of both surface water and sediment samples will consist of the parameters listed in Table 

5-1 Surface water samples will be analyzed in the field for pH, conductivity, temperature, and dissolved 

oxygen All samples requiring filtration will be filtered in the field, and all samples will be preserved in the field 
Surface water sampling and stream flow measurements will follow the procedures described in the Rocky Flats 

ER Program SOP (EG&G, 1-g) 
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TABLE S-2 

SURFACE WATER SAMPLING STATIONS 

Station SWP Stream Pond Ditch Other Area Note 

sw-31 

sw-35 

sw44 
SW-45 

sw46 

sw-56 
sw-67 

sw-68 
sw-69 

SW-70 

sw-20 

sw-32 

sw-33 

sw-34 

sw46 

SW-71 

SW-72 

X 
X 

X 

X 
X 
X 

X 
X 

X 

X SI Ditch 

X SI Ditch 

X SI Ditch 

x Pipe 881 

881 

PSZ 

SI Ditch 

SI Ditch 

SI Ditch 

SI Ditch 

Central 

Woman Cr 

Woman Cr 

Woman Cr 

SI Ditch 

881 

881 

1 Sample monthly as part of the Environmental Monitoring and Assessment Division (EMAD) slte- 
wide program 

2 Stations not specifically associated with OU No 1, however, included in EMAD Listing 

3 where the bottom of the ditch is below the ground-water table, it becomes a seep zone 
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Plutonium was elevated above background levels in Phase II RI boreholes from several sites in the 881 Hillside 

Area Plutonium contamination may be limited to the uppermost sol, for its suspected origin is windblown 

particulates from the 903 Pad Area In order to characterize the vertical and horizontal extent of surficial soil 

plutonium contamination, surficial soil scrapes and vertical soll profiles wiJi be collected in remedial investigation 

areas, and In the Plant buffer zone south and east of these areas to Indiana Street during the 903 Pad, Mound, 

and East Trenches Areas (Operable Unit No 2) RI Surficial soil sampling planned for the Operable Unit No 2 

Phase I1 RI also indudes the 881 Hillside Area and is summarized below The surflcial soil field sampling plan 

Is presented in Attachment 1 0 of the Phase II RFi/RI Work Plan (Alluvial) OU No 2 (EG&G, 1991b) 

The contamination of sous around Rocky Flats Plant by plutonium (Pu) oxides was mainly caused by leaking 

barrels of plutonfumamtaminated oil in the area known as the 903 Pad (Krey and Hardy, 1970) Numerous 

studies (Krey and Hardy, 1970, Seed, et al , 1971, Poet and Martell, 1972, Johnson, et ai, 1976, Little, 1980, 

Little, et al ,1980) concluded that surflcial sols in the area east of the 903 Pad are contaminated wlth plutonium 

and americium (Am) due to wind dispersal of soil particles during cleanup operations More recently, the 

Phase I RI of the Operable Unit No 2 (Rockwell International, 1987d) found that the concentrations of 
plutonium and americium were elevated in composite soil samples adjacent to Trench T-2 (BH25-87,8H26-87, 

and BH2787), the Reacthre Metal Destruction Site (BH28-87), and T-1 (boreholes BH35-87 and BH36-87) In 

addition, the Phase I RI for OU No 2 found occasional elevated concentrations of plutonium (> 0 05 pCi/O) 
in filtered surface water samples from seeps (SW-50, SW-53, and SW-54) and in stream sediments (> 0 9 

pCi/g) along Woman Creek (SED-25, SED-26, SED-29, and SED-30) (Rockwell International, 1987d) It has 

been suggested that the source of the contaminated sediments is the surface soils from the 903 Pad Area 

which are transported by wind However, the elevated concentrations of plutonium in filtered and unfiltered 

seep waters above Woman Creek suggest that some of the plutonium may travel in surface and ground water 

Also, soil sampling results indicate that the actinides are enriched near the ground surface Further 

investigation is necessary to characterize the transport mechanisms that control the spatial and vertical 

distribution of these radionuclkies 

A detailed surficial sdl sampling plan has been prepared to investigate actinide contamination at Rocky Fiats 

The objectives of the proposed work plan for the surficial soils are to determine the spatial and vertical extent 

of plutonium and americium in soils of the remedial investigation areas and in the buffer zone, study the 

physicochemical association of plutonium and americium In surflcial soils (static and mobile soil phases) above 

seeps SW-50, SW-53, and SW-54, study the movement of both water and radionuclides (colloidal and 
dissolved) down the soil column, and ascertain the hydrogeochemical relationships between the soil interstltial 

water and the seeps downslope The detailed sampling plan for surficial soils is provided in Attachment 1 0 

of the Operable Unit No 2 Final Phase II RFI/RI Work Plan (Alluvial) (EG&G, 1991b) 
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In order to assem the spatial distribution of plutonium and americium in surficial soils within the Plant 

boundaries, pedologic sdl samples will be collected across the area identified in Figure 5-3 consisting of 

approximately 800 acres Figure 5-3 was constructed based on review of previous investigation results, data 

analysis of unpublished material, and radiological surveys The geostatistical analysis of previous investigation 

results are presented In the surficial sdl sampling plan [Attachment 1 0, Operable Unit No 2 Final Phase I1 

RFI/RI Work Plan (AIM) (EGBG, 1991 b)] The State of Colorado requires special techniques for construction 

on lands with plutonium concentrations greater than 0 9 pCl/g of dry soil To evaluate the soli-plutonium 

values relathre to this guideline, the CDH sampling protocd will be used 

The CDH sampling protocd requires 25 subsamples to be composited within a 10-acre area for plutonium and 

americium analysis Because of the large variations in soil-plutonium near the source area, a 2 5-acre grid will 

be sampled immediately east of the 903 Pad and around the East Trenches Area (Figure 5-3) This sampling 

design will serve two purposes (1) increase the confidence in soil-plutonium estimates around the 881 Hillside, 

903 Pad and East Trenches Areas, and (2) expand the number of SOU data for kriging estimates The soil 

sampling In the 25-acre areas will consist of 25 subsamples for plutonium, americium, and uranium 

determination The soil sampling in the 1O-acre grid areas will also consist of 25 subsamples for plutonium and 

americium determination The northwest corner of each grid will be surveyed and identified with an 

appropriately marked steel post The 25 

subsamples for each composite sample will be located with a hand held compass and tape measure using the 

northwest comer as the starting point 

Grids w l  be oriented on the cardinal compass directions 

An In depth study has been proposed to investigate the vertical distribution of plutonium and americium in the 

buffer zone east and swth of the 903 Pad Area and at the 881 Hillside Twenty-six locations have been 

identified as proposed soil ph locations (Figure 5-3) These pits will be excavated to expose the soil profiles 

which will then be desctibed and sampled in order to assess the vertical distribution of plutonium-239, -240 

and americium-241 in the surficial soils east of the Rocky Flats Plant in addition to investigating the spatial 

and vertical extent of plutonium and americium, the sutficial sol sampling plan describes the program which 

has been designed to study the physiochemical association of those actinides in both the static and mobile 

s d  phases The movement of both water and radionucltdes (cdloidal and dissdved) down the soil column 
will be studied as well as the hydrochemlcal relationships between the soil interstitial water and the seeps 

downslope 
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5.3 3 2 Chemical Anrhn is of surfkid so [I@ 

Composite pedologic samples collected from the 40 2 5 acre grids (Figure 5-3) wli be analyzed for plutonium- 

239, -240, americium-241, and uranlum-232, -233, -235, and -238 Samples obtained from the 82 10-acre grids 

will be analyzed for plutonium and americium These analyses will be used to determine the spatial distribution 

of these actinMes in the surficial soils at Rocky flats Plant in the vicinity of the 881 HllsMe and east of the 903 

Pad 

Peddogk samples from the 26 soil profiles will be analyzed for plutonium and americium to access their 

vertical distribution In the sols Sds organic carbon, SOU pH, calcium carbonate content, and specific 

conductance determination will be also made on samples from each of the soil pits In addition, samples from 

pits Xi through X5 will also be subjected to sesquioxide extraction 

In conjunction with the chemical analyses, geotechnical testing will also be conducted on samples from 

selected soil pits Specifically, partide size analysis and bulk density testing will be performed on a sample 

from one pit representative of each soil type Fable 2-7 and Figure 2-9) 
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6 0  

ENVIRONMENTAL EVALUATION PIAN 

6 1 INTRODUCTION 

The objectlve of this Environmental Evaluation Plan is to provlde a framework for addressing risks to the 

environment from potential exposure to contaminants resulting from the 881 HillsMe Area This plan is 

prepared in conformance with the requirements of current applicable legislation, including CERCLA, as 

amended by SARA, and follows the guMance for such studles as provided in the NCP and EPA documents 

for the conduct of RCRA Facilw Investigation actlvities Specifically, the EPA guidance provided in 'Risk 

Assessment Guidance for Superfund, Vol II, Environmental Evaluation Manual" (EPA, 1989d) and Guidance 

of Data Useability in Risk Assessment (EPA, 1990) are followed All activities will be performed in accordance 

with the Rocky Flats Plant ER Program SOP (EG&G, 199Og) I 
The goal of the environmental evaluation is to determine the nature and extent of potential impacts of 

contamination from OU No 1 to plants and animals (biota) Determination of the effects on biota will be 

performed in conjunction wdh the human health risk assessment for the 881 Hillside Where appropriate, 

crderia necessary for performing the environmental evaluation will be developed in accordance wdh human 

health risk assessments and environmental evaluations for all Rocky Flats Plant operable units Information 

from the environmental evaluation will assist In determining the form, feasibility, and extent of remediation 

necessary for the 881 Hillside Area in accordance with CERCIA 

0 
I 

6 1 1 Approach 

This plan presents a three-stage, sequential approach for conducting the environmental evaluation at the 881 

Hillside This phased and comprehensive approach is designed to ensure that all procedures to be performed 

are approprmte, necessary, and sufficient to adequately characterize the nature and extent of environmental 

effects to biota under the "no action" scenario As is recommended by EPA, this environmental evaluation is 

not intended to be or to develop Into a research-oriented project The plan presented herein is designed to 

provtde a focused investigation of potential contaminant effects on biota Each stage of the environmental 
evaluation actlvities will be coordinated with sitewde RFI/RI actnrdies in order to avod unnecessary duplication 

of effort and resources 

Stage I of the environmental evaluation will focus on planning, review and integration of available data, and 

conduct an ecological field investigation Data quality objectlves (DQOs) will be defined, and procedures for 
monrtoring and controlling data quality will be specrfied Qualitatlve preliminary field surveys and an ecological 

inventory will be conducted to characterize the 881 Hillstde study area biota and note the locations of obvious 
I 
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zones of chemical contamination and ecological effects Site history, chemical data, results from the RFI/RI 

fate and transport models, and existing ecological data will be reviewed and evaluated Qualitative field surveys 

will include a preliminary assessment of population-, community-, or ecosystem-level impacts (endpoints) to 

be measured Stage I activtties will provide a preliminary determination of the contaminants of concern and 

their potent& adverse effects to key receptor species at the 881 Hillslde, and will allow a conceptual ecological 

model of the site to be prepared 

0 

Development of a conceptual pathways model will be based on the ecological field investigation and inventory 

This exposure-receptor pathways model will be used to evaluate the transport of contaminants from the 881 

Hillside source to biological receptors The conceptual pathways model will provide an initial determination 

of the movement and distribution of contaminants, likely interactions among ecosystem components, and 

expected ecological effects 

I 

The primary endpoint for Quantltative field sampling is the detection of chemicals of concern in target species 

Tissues will be analyzed from selected species to document current levels of specific target analytes Selection 

of the target analytes, species, and tissues will be determined by which contaminants are likely to be present 

in sufficient concentrations, quantities, and locations as to be detected in biota The need for measuring 

addltional endpoints through reproductive success, enzyme inhibltion, or other toxicological-type studies will 

be evaluated based on results from quantitative sampling analyses as well as appropriate acceptance criteria 

I 

0 I 

6 1 2 881 Hillside Contamination 

Contamination of soil, ground water, surface water, and sediment occurs in the 881 Hillside Area, although the 

exact extent is drfficult to assess, given uncertainties in much of the data Also, many possible contaminants 

have been found only infrequently and/or just above background levels, or may be associated with laboratory 

contamination From the data available, lt appears that the major constttuents (organics, metals, and 

radionuclides) present above background levels are the following 

Organics PCE, TCE, l,l,l-TCA, benzene, methylene chloride, toluene, acetone, 2-butanone, pyrenes, 

and phthalates, 
J 

I. 
Metals cadmium, arsenic, antimony, mercury, manganese and banum, and 

Radionuclides plutonium, americium, uranium, cesium and tritium 
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Eround Water 

Organics PCE, TCE, 1,l -DCE, 1,l -DCA, 1 , 1,l -TCA, 1'1 '2-TCA, CCI,, toluene, 1 ,2-DCA, CHCI,, acetone, 

methylene chloride, ethyl benzene, carbon disulfide, 2-butanone, vinyl acetate, total 1,2-DCE, total 

xylenes, and benzene, 

lnorganics nitrate, chlorde, sulfate, TDS, magnesium, sodium, calcium, potassium, and cyanide, 

Metals nickel, strontium, zinc, manganese, mercury, copper, selenium, Ilthium, barlum, betyilium, iron, 

antimony, chromium, lead, aluminum, cadmium, cobalt and mdybdenum, and 

Radionuclides plutonium, uranium, tritium, strontium-89, -90, americium, radium-226 and cesium-137 I 
Surface Water 

Organics PCE, toluene, CCI,, methylene chloride, acetone and 2-butanone, 

lnorganics TDS, nitrate, sulfate, and potassium, 1 

Metals strontium, zinc, aluminum, barium, iron, beryllium, cadmium, calcium, copper, magnesium, 
mercury, lead, chromium, selenium, vanadium and nickel, and 

I Radionuclides uranium, plutonium, strontium-89, -90, americium, cesium-1 37, tritium, radium-226 

Organics chloromethane, TCE, chloroform, acetone, methylene chloride, carbon disulfide, 2-butanone 

and toluene, 

lnorganics nitrate, magnesium and potassium, 

Metals beryllium, silver, tin, possibly aluminum, antimony, cadmium, chromium, copper, iron, lead, 
lithium, magnesium, manganese, mercury, selenium, strontium, thallium, vanadium, zinc and 

molybdenum, and 

Radionuclides plutonium, uranium and radium-226 
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Many of the metal Contaminants are likely to Impact biota at OU No 1 tf present at sufflclent concentratkms 

Several of the metal Contaminants found In the 881 Hillside Area can be taken up by plants through their roots 

or deposited on plant leaves and stems In addition, they can be inhaled and ingested by animals These 

metals have various effects on biological Organisms When ingested, antimony, arsenic, beryllium, cadmium, 

chromium, lead, mercury, selenium and tin can be toxic Arsenic, cadmium, lead and mercury function as 

cumulative poisons, while beryllium, chromium, nickel and arsenic are carcinogenic Cadmium and lead cause 

neurological disruption, and copper, mercury, tin, cobalt and nickel act as biocMes to certain species at low 

concentrations Some trace metals such as arsenic are thought to be essential trace metals In mammalian 

species 

@ 

Many of the metal contaminants biomagnify with increasing trophic levels In terrestrial habitats, this occurs 

from soil to plants for beryllium, cadmium, lead, mercury, nickel, selenium, tin and vanadium In herbivores, 

an increase occurs for antimony, arsenic, cadmium, chromium, copper, lead, mercury and selenium Only 
mercury and cadmium biomagnlfy in terrestrial carnivores In aquatic habitats, biomagnification has been 

found in algae for antimony, arsenic, cadmium, copper, chromium, cobalt, lead, mercury, nickel, selenium, tin 

and vanadium In aquatic herbivores, an increase occurs for antimony, arsenic, cadmium and mercury, in 
carnivores, an increase occurs for cadmium and mercury 

@ Bioaccumulation occurs wlthin an organism when the organism stores specific contaminants Arsenic, 

cadmium, chromium, cobalt, copper, lead, mercury, nickel, selenium, tin and vanadium are concentrated by 

a number of biological organisms potentially present in the 881 Hillslde environment 

Several of the volatile organic compounds found at 881 Hillside, such as PCE, are on the EPA Priority Toxic 

Pollutants List and are known to have acute and chronic toxic effects on aquatic life depending on their 

concentrations The elevated levels found in ground-water samples warrant evaluation for their potential 

exposure to receptor organisms 

High nitrate levels were found in the ground water, surface water and sediments Nitrates are relatively 
nontoxic to organisms although they can cause eutrophication problems Under reduced oxygen conditlons, 
nitrltes and ammonia are especially toxic to aquatic Organisms 

According to the Radioecology and Airborne Pathway Summary Report (Rockwell International, 1966f), 

plutonium is not considered to pose an ecological hazard to biota unless extremely high levels [ > 1 millicurie 

per square meter (mCl/m2)] occur The reason for this is thought to be the extremely low biological mobility 

of the common forms of the element as demonstrated by a study that compared various biological 1 @ measurements and pathological data between ecologically similar study areas at the Rocky Rats Plant of 

widely varying plutonium levels (Whicker, 1979) These findings and other studies on the ecological effects 

e 
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of radionuclides from both ingestion and inhalation will be reviewed for their applicabDity to the 881 Hlllside 0 environmental evaluation 

6 1 3 Protected Wildlife, Vegetation and Habitats 

6 1 3 1 Wildlife 

The U S Fish & Wldlde Service has Mentfied several listed endangered or threatened wlkllife species which 
could possibly occur in the Rocky flats Piant area However, none is expected to occur because of lack of 
habitat These species include the bald eagle (endangered), peregrine falcon (threatened), whooping crane 

(endangered) and black-footed ferret (endangered) 

The bald eagle m u c e D h a  Ius) is primarily a winter resident around rivers and lakes, and the dosest 

known nesting pairs are found at Barr Lake, 25 miles to the east of Rocky Flats The whooping crane (01115 
amerrcan& passes through Colorado during tts spring and fall migrations Whooping cranes, blown off their 

migration course, could use the Rocky flats area as a night roost These birds prefer large marshes and 

wetlands in broad open river bottoms and praines Such habitat is not present at Rocky flats 

0 Two subspecies of peregrine falcon (Falcoperearinus tundris a n d r a m  may occasionally occur in the 

Rocky Flats area as they hunt for prey Nesting preferences are high cliff sides and river gorges, both of which 

are absent at Rocky Flats However, nesting sites have been recorded to the west about 4 to 5 miles from the 

slte 

The historical geographic range of the black-footed ferret (Must&- coincMes with that of the prairie 

dog, a principal prey species However, black-footed ferret populations are now extinct in the wild Large 
prairie dog towns (>80 acres for black-tailed prairie dogs) sufficient to support a black-footed ferret population 

are not expected to be present at Rocky Flats 

6 1 3 2 Veaetation 

Ten federally-listed or proposed plant species occur in Colorado, all of which are western Slope species None 

of these is known or expected to occur on or near Rocky flats A number of candidate species for federal 

listing are known to occur in Jefferson and Boulder Counties but have not been Mentffied at Rocky flats 
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r 
6 1 3 3 Wetlandg 

Numerous regulations and acts have been promulgated to protect water-related resources, including wetlands 

Wetlands play an Important role in ecosystem processing and in providing habltat to a variety of plant and 

animal species An assessment of Rocky Flats wetlands was completed in 1989 (&&GI 199Ok), these 
wetlands currently fail under the jurisdiction of the Corps of Engineers Wetlands occur along Woman Creek 

and Pond C-2, and DOE actwities with a potential to impact wetlands must follow regulations designed for their 

protection 

I 

6 1 4 Scope of Work 

In order to accomplish the plan objectwes, a number of actwdies will be prepared and executed These are 

briefly described below 

Stage I 

Project Preparation - This activity includes project planning, identification of DQOs, and final 
design of the ecological inventory field sampling plan Also included is the review and analysis 
of existing information, identrfication of data gaps, and a preliminary determination of the 
contaminants of concern and their documented ecological effects on key receptor species 

0 Ecological Field Investigation - This activity represents the field surveys, inventory and food 
habit studies necessary to characterize the biota and trophic relationships at the 881 Hillside 
Area Brief field surveys will be conducted in the winter, spring, summer and fall in the study 
area to obtain information on the occurrence, distribution, variability and general abundance of 
key plant and animal species A fieid inventory will be conducted in late spring to obtain 
quantitative data on community composdion in terrestrial and aquatic habitats I 

0 Samples collected as part of the activity will be saved wherever possible for use In the Stage 
111 tissue analyses As part of these activities, all cdlected field data will be reduced, evaluated, 
compared with and integrated into the existing data bank model to update knowledge of site 
conddions 

Stage I1 

0 Contamination Assessment - This activity includes the toxicity assessment, exposure 
assessment, development of the site-specific food web pathways model and characterization 
of impacts to biota posed by exposures to 881 Hdlside contaminants 

Stage 111 

0 Biological Contamination Studies - This activity includes field and laboratory analyses of 
contaminant levels in select plant and/or animal species This activity may include additional 
toxicological-type investigations such as reproductive success or enzyme inhibition studies 

8 March 1991 
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e Remedmtion Critem - Statutes require the selection of remedial actbns sufficient to protect the 
This activity entails consideration of federal and Colorado laws and regulations environment 

pertaining to preservation and protection of natural resources These laws and regulations are 
ARARs Available data on chemical exposures and toxicities will be evaluated and, to the extent 
practicable, crtteria will be established that address biological resource protection 

6 2 PROJECT PREPARATION I 

,. 

An environmental evaluation of the 881 Hillside Area is necessary for Rocky Flats Plant to meet the 

requirements of Sections 121 (b)(l) and (d) of CERCLA An environmental evaluation, in conjunction with the 

human health risk assessment, is required to ensure that remedial actions are protective of human health and 

the environment Guidelines for conducting this evaluation, which Is also called an ecological assessment, are 

provided by EPA in Risk Assessment Gudance for Superfund, Volume It, Environmental Evaluation Manual 

(EPA, 1989d) Additional guidance is derived from EPA's Ecological Assessments of Hazardous Waste Sites 

A Reference Document (EPA, 1989c) 

0 The environmental evaluation is both a qualitative and quantitative appraisal of the actual or potential injury to 

plants and animals (biota) other than humans and domesticated species due to contamination at the 881 

Hillside The environmental evaluation is intended to reduce the inevitable uncertainty associated with 

understanding the environmental effects of contaminants present at the 881 Hillside and to ghre more definitive 

boundaries to that uncertainty during remediation 

The plan for implementation of the 881 Hillside environmental evaluation provides a framework for the review 

of existing data, the conduct of subsequent field investigations, and the preparation of the contamination 

assessment The staged approach presented in this plan begins with the activities described in the following 

section preliminary planning, DO0 development, support documentation, and review of existing Information 

The field investigation and inventory is described in Section 6 3 

6 2 1 Preliminary Planning 

This task includes an inttial determination of the scope of the environmental evaluation, identification of DQOs, 

and a plan for determining the types of information required for each stage of the environmental evaluation 
Types of information required in the evaluation include the following le 

b Species present at 881 Hillside, community structure and food webs 

I 
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e Obvious signs of ecological impacts 

0 Contaminant inventory 

e Contaminant sources and locations, chemical and radionuclide analyses of sol and water 

e Sediment composition and quality, grain sizes and total organic carbon 

Toxicity data to provide a preliminary determination of potential effects of contaminated media 
on receptor species 

As an integral part of the RFI/RI process, the qualitative field survey program of the environmental evaluation 

will focus on accumulating and analyzing pertinent information on three major areas 

e Species, populations and foodweb interrelationships 

e Presence, distribution and concentrations of contaminants in the environment (e g , surface sol, 
surface water, ground water and air) 

e Potential exposure pathways and the effects of contaminants on various biological components 
in the affected ecosystems This is the conceptuai pathways model 

Data from past studies and preliminary data from current environmental studies will be used to better define 

the present distribution of contaminants in the abiotic environment Based on this information, a defined scope 
of work for Stage II and Stage Ill studies will be developed As part of this effort, a food web model will be 

developed to provide a preliminary identdication of potential exposure pathways or combinations of pathways 

and receptor species at risk 

@ 
J 

Information that wiii be developed from the qualitatwe field survey of the environmental evaluation includes the 

following 

0 Criteria for selection of contaminants of concern, key receptor species and reference areas 
These crtteria will be applicable to environmental evaluations at all operable unlts 

Species inventory - Plant and animal species known to occur within OU No 1 or to potentially 
contact contaminants at OU No 1 

0 Population characteristics - General information on the abundance of key species 

e Food habit studies - Available information from literature sources to supplement field 
observations on key species 

I. 
e Field surveys - Inventory of 881 Hillside biota and locations of obvious zones of chemical 

contamination and ecological effects 
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0 Chemical inventory - Existlng Information including that obtained on chemical contaminants 
from other investigations at Rocky Flats and other DOE facilities will be used in the development 
of a preliminary list of contaminants of concern 

This information will provide the basis for contamination assessment (Section 64) in the contamination 

assessment, comprehensive food webs and contaminant exposure pathways will be developed for 881 Hillside 

Information on these food webs will be related to quantitatlve data on contaminants in the abiotic environment 

These data will then be used to evaluate potential impacts to biota due to exposure from the contaminants 

I 

I Field studies for contamination will be conducted for both aquatic and terrestrial systems Information from 

the field survey and the contamination assessment will determine the methods to be used Tissue analyses 

will be conducted on selected species from 881 Hillside and reference areas to document current levels of 

specific target analytes Selection of the target analytes, species and tissues will be determined by which 

contaminants are likely to be present in sufficient concentrations, quantnies and locations at the 881 Hillside 

Area as to be detected in biota 

I 

The need for measuring additional endpolnts through reproductlve success or other identified endpoints will 

be evaluated based on pathway analysis Toxicity-based methods may invdve the measurement of a biological 

effect associated with exposure to complex mixtures For this method, the selection of toxicological endpoints 

for indicator or target species will be based on a review of available scienttfic literature providing quantitatlve 

data for the species of concern Another approach involves the analysis of population, habitat or ecosystem 

changes (assessment endpoints) Analysis of population, habitat or ecosystem changes will be based on 

species or habltats that represent broad components of the ecosystem or are especially sensnlve to the 

contaminants Selection of the methodology will be based on appropriate acceptance cntena, e g 

I 
I 

@ 

Measurement endpoint corresponds to or is predictwe of the assessment endpoint 

Methodology is capable of demonstrating a measurable biological response distinguishable 
from other environmental factors such as weather or physical sne disturbance 

0 Measurement is practical to perform and produces scienttfically valid results 

Methodology and measurement endpoint are appropriate to the exposure pathway 

A standard acceptable protocol exists for the methodology 

Determination of impacts will be based on establishment of a statistically significant difference in the biological 

response between samples from populations at 881 Hillside and at reference areas The determination as to 

Final Phase 111 RFI/RI Work Plan 881 Hillside Area 
Rocky flats Plant, Golden Colorado 
egBg\88 1 \n fs\finai\secb 

Revision 1 8 March 1991 
Page 6 9  



what constltutes a statistically significant difference will be consistent with DQOs and quality assurance a provisions of the QAPjP 

6 2 2 Data Quality Objectives 

The DQO development process will be Initiated during the qualitative field survey pretlmlnaty planning 

Development of DQOs will follow the three steps recommended by EPA (EPA, 1990) Step I of the DQO 
process involves preparing definitions and concise DQOs Examples of Step I program DQOs for this 

environmental evaluation include the following 

I 

0 Identify appropriate site-specific receptor species and contaminants of concern to determlne 
if there is a potential for adverse impacts to occur as a result of potential contaminant release 

0 Evaluate the potential for impacts to occur to bidogical resources outswe the boundaries of 
the 881 Hillside Area or Rocky Flats Plant 

0 Evaluate the need for remediation to protect the environment 

Steps II and 111 of the DQO process include identtfication of data uses and needs and design of the data 

collection program Products of Step II include proposed statements of the type and quality of environmental 

data required to support the DQOs, along with other technical constraints on the data collection program The 

objective of Step 111 is to develop data collection plans that will meet the criteria and constraints established 

in Steps I and II Step 111 results in the speclfication of methods by which data of acceptable quality and 

quantity will be obtained The DQO development process wlll continue as scoping of the environmental 

evaluation becomes more refined Additional Step I decision-type DQOs may be needed or data cdlection- 

type DQOs may be modified based on results of the Stage I preliminary planning process and subsequent 

refinement of the field sampling plan 

6 2 3 Support Documentation 

In addition to the work pian, proper conduct of this environmental evaluation will be dependent upon 
development of a field sampling plan The purpose of the field sampling plan Is to ensure that field data 

collection activlties will be comparable to and compatible wlth previous data collection activities performed at 

the site while providing a mechanism for planning and approving new field activrties The field sampling plan 

provides guidance for all fieldwork by defining In detail the sampling and data-gathering methods to be used 
on the project The preliminary field sampling plan for this environmental evaluation is presented in Section 6 8 

I 0 Guidance for the selection and definition of field methods, sampling procedures and custody was acquired 

from the Compendium of Superfund Field Operations Methods, which is a compilation of demonstrated field 
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techniques that have been used during remedial response activities at hazardous waste sites @PA, 1987b, 
hereafter referred to as the Compendium) To the extent possible, procedures from the Compendium are 

incorporated by reference 

6 2 4 Review of Existing Information 

As an essential part of the environmental evaluation at the 881 Hillside Area, a review of documents, aerial 

photographs, and data relevant to the sfie will be completed This will allow complatbn of a data base from 

which to determine data gaps and to provide evtdence for a defensible field sampling program If available 

and applicable, historical data will be used 

During preparation of this work plan, several documents were reviewed as part of an assessment of available 

information These included the Final EIS, Rocky Flats Plant (DOE, 1980), Wetlands Assessment (EG&G, 
1990k), Draft RI Report for the High Priority Sites 881 Hillside Area (Rockwell International, 1987a and 1988a), 

Draft Final Remedial investigation Report for the High Priority Site 881 Hillside (Rockwell International, l-), 

Final Propcsed Interim Measures/lnterim Remedial Action Plan and Decision Document, 881 Hillside (DOE, 

1990a), Final Environmental Assessment for 881 Hillside (DOE, 1990~)~ among others Uerature reviews wll 

continue during the environmental evaluation Review of all available data formed the basis for the 

establishment of the inltial sampling locations discussed in the Section 6 8 

) 
I 

I 

0 
6 3 FIELD INVESTIGATION (STAGE I) 

The following field investigation consists of three separate programs The air program will entail emissions 

estimation and modeling The soils and sediments, surface water and ground-water programs will be 

conducted as part of the Phase 111 RFi/RI activities The terrestnal and aquatic biota sampling program will 

be conducted as part of this environmental evaluation 

6 3 1 Air Quality 

It is necessary to model ambient air concentrations to estimate environmental risk which results from airborne 

transport of 881 Hillside contaminants to potential receptors Emission estimates will be calculated for surface 
wind erosion and for the diffusion of volatiles and semivdatiles existing below the surface through the top layer 

I of soil Wind erosion emissions will be estimated for total particulates, metals and radionuclides while sol1 

diffusion emissions will be estimated for vdatiles and semivdatiles detected below the surface, as determined 

from ground-water, surface soil and soil boring sampling results Air quality dispersion modeling using a Chi/Q I 0 approach which assumes a unit emission rate, will be performed Compound-specific emission rates will then 
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be multiplied by the modeled impacts to produce compound-speciflc ambient concentration estimates, since 

predicted concentrations are directly proportlonal to the emission rate 0 

these analytes, sediments will be analyzed for grain size distribution and organic carbon, and characterized 
physically 

Based on the dispersion modeling results, 24-hour and annual compound-specific ambient concentrations will 

be estimated at a set of receptor points on and downwind of the actual 881 Hillside Area Pathways will then 

be defined using these receptors and risks calculated as necessary These estimates of ambient 

concentrations will then be used to perform a baseline risk assessment for each chemical of concern detected 

above background levels in the soil and ground water 

0 

6 3 2 Soils and Sediments I 

Slte-specific soil and sediment chemistry data exist for the 881 Hillside Area These data were collected as part 

of Phases I and I1 of the RFI/RI for the 881 Hillside Drilling was conducted to identify and characterize past 

waste disposal sites Boreholes were drilled wlthin and adjacent to the IHSSs, and soil samples were Collected 

and analyzed for organics, inorganics, metals and radionucldes Sequences of Rocky Flats Alluvium, 

colluvium, recent valley fill and Arapahoe Formation were sampled and tested in the field and laboratory 

Geologic and hydrologic data from Phases I and II drilling programs provided the basic framework for defining 

a chemical/hydrologic/geologic model for the 881 Hillside Source contaminants and concentrations, as well 

as possible flow paths, rates and accumulations, were preliminarily assessed to characterize the dynamic 

system Sediment sampling was conducted in Woman Creek and the South Interceptor Ditch to characterize 

contaminants in sediment, and provide data to assess inter-media contaminant transfer to surface water 

I 

@ 

Volatile organics data for soils and sediments previously collected from the 881 Hillside Area were rejected 

during the data validation process and cannot be used in a quantitative sense Analytical results of the Phase 

111 samples will be reviewed and interpreted for use in this environmental evaluation 

As in prior programs, the soil sampling locations will be placed in areas to characterize specific sites Sample 1 0 denstty as proposed in Section 5 0 is considered sufficient to provide a clear picture of soil characteristics and 
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contaminant concentrations for all soil types found in the 881 HillsMe Area The substances to be tested are 

also considered sufficient for the environmental evaluation 0 
Soil analysis results are related to surface and ground-water regimens Fluids moving through the soils can 

act to leach contaminants, transport them through available flow paths and deposit them in downgradient 

environments Soil analyses may help define extent of contaminant sources as well as areas of accumulation 

Near-surface soil scrapings (top 1 cm) will be of pnme importance for determining source contaminants for 

bota This uppermost layer is a major source of nutrient and contaminant uptake for the vegetation under 

study and is a potential source of contaminant ingestion to wildlife Sampling and analysis programs under 

Phase 111 RFI/RI field inves&ptions will be reviewed and modifted when necessary to ensure that sampling 

intervals and methods are appropriate to cdlect surficial soil samples 

6 3 3 Surface Water 

Phase I and II surface water sampling and analytical results were evaluated with respect to this environmental 

evaluation plan Sampling locations presented in the work plan (Figure 2-20) are continuing to be sampled 

on a monthly basis through 1990 as part of the overall Plant sampling program All seeps and springs on the 

881 Hillside will be sampled as part of this ongoing program Chemical results from the surface sampling 
locations will be reviewed and Incorporated into the environmental evaluation 

I 

1 @ 

6 3 4 Ground Water 

Results of the Phase I and II ground-wter investigations along with planned Phase 111 activities for 881 Hillside 

were reviewed for incorporation in the preparation of this enwonmental evaluation Data from the Phase 111 

program will aid in characterizing the nature and areal extent of ground-water contamination at the 881 Hillside 

The hydrogedogic information and laboratory analytical results from the planned Phase 111 boring and well 

installation program wll likewise be used in the environmental evaluation The above information will be used 
to assess the nature and extent of contamination in ground water and help ldentlfy exposure pathways for the 

environmental assessment I *  
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6 3 5 Terrestrial and Aauatic Biota 

Few sbe-speclfic biological data exist for the 881 Hillside Area Field surveys will be conducted to characterize 

biological site conditions in terms of species presence, habitat characteristics and/or community organization 

The emphasis will be to describe the structure of the biological communties at the 881 Hillside in order to 

identrfy potential pathways, biotic receptors and key species 

6 3 5 1 Veaetation 

The objectives of the vegetation sampling program are to provide data for (1) description of site Vegetation 

characteristics, (2) identlfication of potential exposure pathways from contaminant releases to higher trophic- 

level receptors, (3) selection of key species for contaminant analysis to determine background condltions for 

the 881 Hillside, and (4) identification of any protected vegetation species or habitats There are currently no 

known protected species or habitats near the 881 Hillside Area Criteria for selecting key species are specified 

in Ecoloaical Assessme nt of Hazardous Waste Sites (EPA, 1989c) and include 

e Species of sufficient number to permit statistical significant comparisons within and outside the 
sbe 

0 Species of importance in the food web at the site 

Species which are susceptible to the contaminants of concern e 

e Species which can be compared to an unaffected reference area 

0 Species of economic value 

0 Species of social value (endangered, aesthetically valued, etc ) 

Species of broad applicability to other studied sites e 

Terrestrial Veaetation 

Vegetation is sparse and characteristic of disturbed areas except on the eastern edge of the 881 Hillside 

Grasses characteristic of the short grass plains are abundant Representative species Include Junegrass 

(Koeleria cristata), Dropseed (Soorobolug spp ), slender wheatgrass &roPvron trachvcaulu m) and green 
needlegrass (StiDa viridulq), which are interspersed wRh other grasses, shrubs, and a variety of annual flowering 

plants Transects will be established on 881 Hillside and along the Woman Creek drainage to collect 

phytosociological data on densny, cover, frequency, biomass and species presence 
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Wetland Veaetation a 
Wetlands have been identdied along Woman Creek (EG&G, 1990k) These occur as linear wetlands which 

support hydrophytic vegetation species including sandbar willow (Salix e x i u ,  american watercress 

DrthoceraS), and plains cottonwood (PoPul&Saraentii) Other species associated with these wetlands include 

broad-leaf cattail rrvr>ha Iptddia)), baltic rush CJuncus articu, cordgrass (spartin% pectinafa), silver sedge 

&&g m r a c i l i @  and various bulrushes g?.~ ) 

Periohvton 

The periphyton community is a closely-adhering group of organisms that form mat-like communities on rocks 

and other solid objects on the stream bottom The community composed of algae, bacteria, fungi, detritus 

and other macroscopic heterotrophic organisms Because of the large surface-to-volume ratio of Its 

constituents, periphyton have been found to be an excellent indicator community for accumulation of 

contaminants Periphyton samples will be collected at designated locations on Woman Creek and Pond C-2 

Periphyton communities provide a sensitive mechanism to detect changes in aquatic environments that result 

from the introduction of contaminants Taxonomic composition and relative abundance of periphyton can be 

measured on natural substrates as well as standardued artdicial substrates On hard artificial substrates, data 

on algal abundance, biomass and species composition will be obtained by removing the substrate and by 

scraping or brushing the flora from a measured area into a container 

@ 

6 3 5 2 Wildlife 

A field survey will be conducted to gather data on animal communities at the 881 HillsMe The objective of 

the animal life survey is to (1) describe the existing animal community, (2) Mentify potential contaminant 

pathways through trophic levels, (3) develop food web models including contribution from vegetation, (4) 

identrfy key species for potential collection and tissue analysis, and (5) identify any protected species 

Terrestrial SDecies 

Songbirds, larger mammals, reptiles and raptors may use the area daily, seasonally or sporadically, or wander 

through as vagrants The field survey will document the presence of terrestrial species and allow for a general 

description of the community 
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m a t l c  SDec iea 

Benthic macroinvertebrates probably exist as both hard and soft bottom communities In Woman Creek and 

soft bottom communities in Pond C-2 The soft-bottom benthos is defined as those macroscopic invertebrates 

inhabiting mud or silt substrates Because these communities are essentially stationary, they are good 

integrators of past and present habitat contamination Hard bottom species in riffle habitats are subject to 

stream drtft and are thus somewhat less stationary The feeding methods for both soft and hard substrate 

benthic species (filtering microscopic organisms and fine materials and grazing periphyton), suggest that they 

are incorporating other organisms that are potentially concentrating contaminants Designated locations in 

Woman Creek and Pond C-2 wll be sampled for benthic organisms 

1 

6 3 6 Reference Area8 

Reference areas will be selected where current and historical data are not available to assess Impacts from 881 

Hillside contaminants One or more reference areas wll be selected based upon their similarity to the 881 

Hillside Area and their lack of exposure to contamination from Rocky flats or other sources Data collected 

at the reference area will be compared where possible to values reported in the scientific literature to 

demonstrate that the data represent a normal range of conditions Methods used to cdlect data at the 

reference area will be comparable to those used at the 881 Hillside Area @ 
Reference areas will be Mentified for terrestnal, wetland and aquatic species to the west or north of the Plant 

away from potential effects associated with releases from either Rocky flats Plant or the 881 HillskJe Sampling 

rationale, methoddogies and procedures for both terrestrial and aquatlc sampling are presented in Section 6 8, 

the Field Sampling Pian 

The selection of reference areas will meet Step I DQOs and the selected assessment and measurement 

endpoints Cntena for the selection of reference areas will be developed during the qualitatwe field survey and 
preliminary planning 

Two basic criterm will be employed in the selection and establishment of reference areas 

1 The reference areas will be similar to the 881 Hllside Area in terms of soil series, topography, 
aspect, vegetation and habnat types and plant and animal assemblages 

2 The reference areas, including vegetation and wildlife, have not been impacted by releases from 
the 881 Hillside Area or other Rocky Flats Plant operable units 
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6 4 CONTAMINATION ASSESSMENT 

0 
The two major objectives of the contamination assessment are to 

b Obtain quantitative information on the types, concentrations, and distribution of contaminants 
in selected species 

0 Evaluate the effects of contamination in the abiotic environment on ecological systems 

Conducting a contamination assessment requires an evaluation of chemical and radidogical exposures and 

the subsequent toxicological effects on key species Of specific importance in the contamination assessment 

are the identdication of exposure points, the measurement of contaminant concentrations at those points and 
the determination of potential impacts or injury Impacts may result from movement of contaminants through 

ecological systems or from direct exposure (inhalation, ingestion, deposition) 

Contamination Assessment for 881 Hillstde will be based on existing environmental criteria, published 

toxicological literature and existing, site-spechc environmental evaluations The program design will be 

integrated wlth other ongoing RFI/RI studies so that concentrations of contaminants in abiotlc media can be 

I 

related to contaminant levels and effects in biota , e  
The contamination assessment process is divided into the following five tasks 

0 Slte characterization 

b Contaminant MentMcation 

0 Toxiclty assessment 

0 Exposure assessment 

b Impact evaluation 

The objectives and description of work for each of these tasks is described below 

6 4 1 Site Characterization 

Environmental resources at the sRe will be Characterized based on data reviews from existing Ilterature and 

reports, including results from the Phase 111 RFI/RI investigation and the environmental evaluation field StudIes 

The description of the site will be presented in terms of the following distinct resource areas 

e Me?eorology/Atr Qualtty 

b Soils and Geology 
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0 Surface and Ground Water Hydrology 
0 Terrestrial Ecology 

0 Aquatic Ecology 
0 Protected/lmportant Species and Habitats 

The purpose of the site characterization is to describe resource condltions as they exist without remediation 

The narrative wdh supporting data WJII include descriptions of each resource, with attendant tables and figures, 

as appropriate, to depict, in a concise and clear fashion, site conditions, particularly as they Influence 

contaminant fate and transport 

6 4 2 Contaminant Identification 

Because there is a variety of individual contaminants associated wlth the 881 Hillside Area, It is critical to 
narrow the list of chemicals to a manageable number Chemical and species-speclfic criteria will be used for 

selecting those contaminants which are of particular concern from an ecological perspective at the 881 Hillside 

Although the selection process will parallel that for the human health risk assessment, the lists will differ 

somewhat based on contaminant fate and transport characteristics and species-speclfic toxicities Selection 

of the contaminants of concern will be evaluated in accordance with EPA guidance a 
6 4 3 Exposure Assessment 

This task will identify the exposure or migration pathways of the contaminants, taking Into account 

environmental fate and transport through both physical and biological means Each pathway will be described 
in terms of the chemical(s) and media involved and the potential ecological receptors The exposure 

assessment process will include the following four subtasks 

0 Identify exposure pathways 

0 Identify key receptor species 

0 Determine exposure points and concentrations 

Estimate chemical intake for receptors 0 

Each of these subtasks is described below '. 
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6 4 3 1 m o s u r e  Pathway# e 
The purpose of this subtask is to qualitatively identify the actual or potential pathways by which various 

biological receptors at or near the 881 Hillside might be exposed to site-related chemicals or radionuclMes 

The exposure pathway analysis will address the following four elements 

A chemical/radionuclMe source and mechanism of release to the environment 

An environmental transport medium (soil, water, air) for the released 
chemical/radionuclde 

e A point of potential biological contact with the contaminated medium 

e A biological uptake mechanism at the point of exposure 

All four elements must be present for an exposure pathway to be complete and for exposure to occur 

Through contamination assessment, exposure pathways will be evaluated and modeled Toxicity tests may 

eventually be conducted based on model results or the need to conduct a direct effects-related investigation 

6 4 3 2 Identification of Kev ReceDto r Swc iea 

Key receptor species are those species which are or may be sensitive to the particular contaminants of 

concern Species that need to be considered in the contamination assessment include threatened and 

protected species, game species and species at higher trophic levels in food webs where contaminants are 

expected to bioaccumulate 

Criteria for the selection of key receptor species will be based on a preliminary analysis of exposure routes and 

food web relationships as well as the known toxicological effects of the contaminants of concern This analysis 

will include an evaluation of the species in relation to potential contaminant exposure through both direct 

contaminant accumulation from the abiotic environment and bioaccumulation through the food chain 

Key receptor species may include game species such as mule deer (Odoco ileus hemion& which is mobile 
and has a large home range, or an organism which is sedentary or has a more restricted movement such as 

plants, some invertebrates, and some small vertebrates For contaminants that bioaccumulate, the effects are 

usually most severe for organisms at the top of the food chain (e g , top predators) Examination of 

contaminant effects on these more mobile species may necessitate the integration of data from different 
operable unRs I) 
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6 4 3 3  G e  a 
The identlfied exposure points are those locations where key ecological receptor species may contact the 

contaminants of concern Determination of exposure points entails an analysis of key receptor species, 

locations and food habits in relation to potential contaminant exposure through both direct contaminant 

accumulation or deposfiion from the abiotic environment and through indirect bioaccumulation 

A discussion of the nature and extent of contamination in the abiotic media (air, soils, surface water, and 

ground water) is presented in Section 2 0 of this Phase 111 RFI/RI Work Plan Phase 111 data will be summarized 

and used to characterize source areas and release characteristics at the site The exact exposure points can 

be expected to vary depending on both the contaminant and the key receptor species under conslderatlon 

Concentrations of chemicals that are likely to have the greatest impact (based on concentration in the 

environment, toxicdy values, and biological uptake) WIII be determined by environmental fate and transport 

modeling or actual environmental medta sampling for each exposure point Fate, transport and endpoint 

contamination levels will be modeled using environmental multi-media risk assessment models Such models 

can provide the potential maximum concentrations of chemicals at the exposure points by which to evaluate 

the “worst-case” scenario 

6 4 3 4 Estimation of Chemical Intake bv Kev Receoto r S a e a  

This step includes an evaluation of key receptor species’ contaminant uptake by direct routes (inhalation, 

ingestion, dermal contact) and indirect routes (bioaccumulation) The amounts of chemical and radiological 

uptake will be estimated during the contamination assessment using approprate conservative assumptions, 

sde-speclfrc analytical data, and guidance from EPA’s Wildlife Exposure Factors Handbook (to be published 

in 1991) Direct measurement of contaminant uptake through tissue analyses will be conducted I 
I 
I 6 4 4 Toxicity Assessment 

This assessment will include a summary of the types of adverse effects on biota associated with exposure to 

uncertainties for contaminant toxicity, particularly with respect to wildllfe Ecological receptor health effects 
will be characterized using EPAderived critical toxicdy values when available in addrtion to selected literature 

pertaining to site- and receptor-specific parameters 

sne-related chemicals, relationships between magnitude of exposures and adverse effects, and related I I 
I 
I 

I 

I 

, 
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Tissue contaminant analyses will be performed on samples of key species These measurement endpoints wlll 

be chosen based on the predicted concentrations and the known toxicological effects of single contaminants 

on receptor species The species, contaminants and tissues to be sampled wUI be evaluated during Stage I 

preliminary planning 

Toxicrty tests may be performed to address the biological effects associated with exposure to complex 

mixtures The need for toxicrty testing will be evaluated during the qualitatwe field survey program of the 

environmental evaluation 

6 4 5 Impact Evaluation 

impact evaluation entails the integration of exposure concentrations and reasonable worst-case assumptions 

with the information developed during the exposure and toxicity assessments to characterize the current and 

potential impacts to the environment posed by contamination of the 881 Hillside Area The potential impacts 

from all exposure routes (inhalation, ingestion and dermal contact) and all medla (air, soli, ground water and 

surface water/sediment) will be included in the impact evaluation as appropriate 

Characterization of ecological impacts on receptor species is generally more qualitative in nature than 

characterizing human risks This is because the toxicological effects of most chemicals have not been well 

documented for most species Where specific information is available in the published literature, a more 

quantitative evaluation of effects will be made This approach is in agreement with EPA guidance documents 

(EPA, 1989d) 

@ 

6 4 5 1 Ecoloaical Effects Criteria 

Criteria that are usable and applicable for the evaluation of ecological effects are generally limited EPA AWQC 

and Maximum Allowable Tissue Concentrations (MATC) are the most readily available criterla Criteria found 
in federal and Colorado state laws and regulations pertaining to the preservation and protection of natural 

resources can also be used Criteria may also be derived from information developed for use under other 
environmental statutes, such as the Toxic Substances Control Act or the Federal Insecticide, Funglclde and 

Rodenticide Act 

General information on the toxicity and environmental behavior of chemical contarninants in relation to 

biological resources will be compiled The selection of ecological effects criteria will be based on available data 

which document the adverse effects of each potential contaminant of concern Selection of these criteria will 
be coordinated with other RFI/RI studies and environmental evaluations @ 
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6 4 5 2 Uncertaintv Analvsia a 
The process of assessing ecological effects is one of estimation under conddions of uncertainty To address 

these uncertainties, the environmental evaluation for the 881 Hillside Area will present each conclusion, along 

wlth the issues that support and fail to support the conclusion, and the uncertainty accompanying the 

conclusion Factors that limit or prevent development of definitive conclusions will also be discussed In 

summarizing the assessment data, the following sources of Uncertainty and limitations will be specified 

0 Variance estimates for all statistics 

0 Assumptions and the range of condaions underlying use of statistics and 
models 

0 Narrative explanations of other sources of potential error 

1 
6 5 CONTAMINATION STUDIES 

I Contamination studies will include the tissue analysis studies and any additional toxicity studies used to 

determine impacts from the contaminants of concern on receptor species Contaminants of concern and key 

receptor species will be selected during the qualitative field sampling program Species to be sampled for 

tissue analyses will be designated to the extent possible prior to Implementation of the field inventory In order 
to avoid a duplication of sampling effort 

0 

In order to demonstrate an impact, the biological response under consideration and the proposed methodology 

should satisfy program DQOs as well as the following more specific criteria 

The biological response IS a well-defined, easily Mentlfiable and a documented response to the 
contaminant 

0 Exposure to the contaminant is known to cause the biological response in laboratory 
experiments or experiments wdh free-ranging organisms 

The biological response can be measured using a published standardized laboratory or field 
testing methodology 

The biological response measurement is practical to perform and produces scientifically valid 
results 

The determination of impact will be based on the establishment of a statistically significant 
difference in the biological response between samples from populations in the reference areas 
and the 881 Hillside Area 
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6 5 1 Tissue Analysis a 
Tissue analyses will be conducted to measure the total concentration of speclfic chemical compounds in key 

receptor species Because individuals and species accumulate contaminants differentially in their tissues, 

environmental concentrations and general uptake rates will not necessarily predict biotic concentrations or 

adverse effects Analysis of tissue contaminant concentrations will prowde data to evaluate the predicted 

relationship, If any, between environmental concentrations and the amount of contaminants accumulated in 
receptor species Selection of the species and specific tissues for analysis will be based on a preliminary 

evaluation of site-specific food webs and potential contaminant transport pathways 

To the extent possible, tissue samples will be collected simultaneously with environmental media samples Thls 

will allow for a determination of site-spectfic bioconcentration factors (BCFs) These BCFs will be Incorporated 

into the final exposure assessment and pathways analysis model Where BCFs cannot be determined, 

published or predicted BCF values will be used in the pathways model to assess potential impacts 

Prior to conducting the tissue analysis studies, the field sampling plan will be refined and more specific DQOs 

will be formulated The field sampling plan will address the following 

0 The number and types of analyses to be run 

The species, locations, and tissues to be sampled 0 

0 The number of samples to be taken 

The detection limds for contaminants 

The acceptable margin of error in analyzing results 

I 

6 5 2 Toxicity Tests ~ 

Toxicity tests may include either in-situ (in-field) or laboratory toxicity tests In-situ methods usually involve 

exposing laboratory animals to field (aquatic or soil) conditions Laboratory toxicity tests can be used to 

evaluate the lethal or sublethal effects of chemicals as they occur In environmental media Both approaches 

can be used to test for toxicity of mixtures as they actually occur in the environment Selection of a particular 

methodology will be based on the capability of the method to demonstrate a measurable biological response 

to the selected contaminant(s) of concern 

. ; I '  
i 
i 
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6 6 REMEDIATION CRITERIA e 
Remediation crlteria protective of site-speclfic plants and animals for the contaminants of concern can be 
developed based on detailed food web analyses using the pathways model These ecdogical dfects criteria 

are determined by tracing the biomagnification of contaminant residues from organisms at the top of the food 

web back through intermediate trophic levels to the abiotic environment The "no effects" criteria levels for 

abiotic media are then derived from contaminant concentrations known to produce effects in the highest 

trophic level organisms 

I 

The acceptable (no effects) crlteria levels will be used in conjunction with ARARs to evaluate potential adverse 

effects on biota as is appropriate for the environmental evaluation portion of the Phase 111 RFI/RI This 

approach will be integrated with the human health risk assessment process and w l  assist In the development 

of potential remediation criteria 

6 7 ENVIRONMENTAL EVALUATION REPORT 

An Environmental Evaluation Report will be prepared in a clear and concise manner to present study results 

and interpretation AI1 relevant data from the environmental evaluation, In addition to relevant Phase 111 RFI/RI 

data, will be integrated and evaluated in the characterlzation of potential environmental impacts The following 
topics will be covered in the report 

a 
Objecttves 

Scope of Investigation 

Site Description 

Contaminants of Concern and Key Receptor Species 

Contaminant Sources and Releases 

Exposure Characterization 

Impact Characterization 

Remediation Criteria 

Conclusions and Limitations 

A proposed, detailed outline of the report is shown in Table 6-1 
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TABLE 6 1  

' 0  

1 0  

2 0  

3 0  

4 0  

5 0  

6 0  

DRAFT ENVIRONMENTAL EVALUATION REPORT OUTLINE 
881 HILLSIDE AREA, OPERABLE UNIT NO 1 

EXECUTIVE SUMMARY 

INTRODUCTION 

1 1  OBJECTIVES 
1 2 SITE HISTORY 
1 3 SCOPE OF WALUATION 

SITE DESCRlPTlON 

2 1 PHYSICAL ENVIRONMENT 

2 1 1 Air Quality/Meteordogy 
2 12 Sols 
2 1 3 Surface Water 
2 1 4 Ground Water 

2 2 BIOTIC COMMUNITY 

2 2 1 Freshwater Ctnnmunlty 
2 2 2 Terrestrial Community 
2 2 3 Protected/lmportant Species and Habitats 

CONTAMINANT SOURCES AND RELEASES 

3 1  SOURCES 
3 2  RELEASES 

CONTAMINANTS OF CONCERN 

4 1 
4 2 DEFINITION OF CONTAMINANTS 

CRITERIA DEVELOPMENT FOR SELECTION OF CONTAMINANTS OF CONCERN 

TOXICIN ASSESSMENT 

5 1 
5 2 CONTAMINANT EFFECTS 

TOXICITY ASSESSMENTS OF CONTAMINANTS OF CONCERN 

5 2 1 Terrestrial Ecosystems 
5 2 2 Aquatic Ecosystems 

EXPOSURE ASSESSMENT 

6 1 CONTAMINANT PATHWAYS AND ACCEPTABLE CRITERIA DNELOPMENT 

6 1 1 General Methodology for Pathway Analysis 
6 1 2 Selection of Key Receptor Species 
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6 2  

6 3  

6 4  

6 5  

7 0 IMPACT CHARACTERIZATION 
a 

7 1  

7 2  

8 0  

TABLE 6-1 (Continued) 

DRAFT ENVIRONMENTAL EVALUATION REPORT OUTLINE 
881 HILLSIDE AREA, OPERABLE UNIT NO 1 

EXPOSURE POINT IDENTIFICATION 

6 2  1 Air 
6 2 2 Sol and Sediment 
6 2 3 Water 
6 2 4 Vegetation 

CHEMICAL FATE AND TRANSPORT 

EXPOSURE POINT CONCENTRATIONS 

6 4 1 Air Concentrations 
6 4 2 Soil and Sediment Concentrations 
6 4 3 Surface Water Concentrations 

6 4 3 1 Surface Water 
6 4 3 2 Ground Water 

6 4 4 Vegetation Concentrations 

EXPOSURE PATHWAYS 

6 5 1 Terrestrial Ecosystem 
6 5 2 Freshwater Ecosystem 

DEVELOPMENT OF ECOLOGICAL EFFECTS CRITERIA 

7 1 1 Air Criteria 
7 1 2 Soil and Sediment Crlteria 
7 1 3 Freshwater Crtteria 
7 1 4 Vegetation Crtterta 

EFFECTS CHARACTERIZATION 

7 2 1 Terrestrral Pathway 

7 2 1 1 Air 
7 2 1 2 Soil 
7 2 1 3 Vegetation 

7 2 2 Freshwater Pathway 

7 2 2 1 Air 
7 2 2 2 Surface Runoff 
7 2 2 3 Seeps and Springs 
7 2 2 4 Woman Creek 

ASSUMPTIONS AND UNCERTAINTIES 
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TABLE 0-1 (Continued) 

DRAFT ENVIRONMENTAL EVALUATION REPORT OUTLINE 
881 HILLSIDE AREA, OPERABLE UNIT NO 1 

9 0 RECOMMENDATIONS AND CONCLUSIONS 

10 0 REFERENCES 
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6 8 PRELIMINARY FIELD SAMPLING PIAN 

6 8 1 Introduction 

This FSP for the EE of the OU No 1 describes a program designed to assess the source-receptor pathways 
and measure the ecdogical effects from the release of contaminants The EE FSP will follow the QAPJP, and 

the DQOs developed for the RFI/RI program The FSP wlil conform to field sampling procedures Mentlfied 

in the ER Program SOPs (EG&G, 199Og and 1991c), health and safety regulations, and sample and waste 

management protocols (EG&G, 199Og and EPA 1987b) The EE FSP will coordinate effm with the RFI/RI 

field sampling program and the EMAD which identify contaminant concentrations in environmental media 

(water, soils, sediments, and air), describe source and plume characteristics, and determlne the extent of 
contaminant migration 

The EE FSP will coordinate ecological field sampling activities with collection of other environmental media as 

recommended in the EPA Environmental Evaluation Manual (EPA, 1989d) Ecdogical sampling of periphyton 

and macroinvertebrates will be collected in conjunction with surface water and sediment sampling efforts, 

vegetation, root, and microbe sampling will coinclde with soil sampling efforts 

Ecdogtcal field sampling procedures will follow the Ecology SOPs (EG&G, 1991 c) to produce compatible data 

wlth the adjacent 903 Pad, Mound, and East Trenches Areas, OU No 2 Furthermore, the EE FSP for OU 

No 1 is integrated with the EE FSP for OU No 2 and OU No 5 with respect to biological field sampling for 

aquatic ecosystems (periphyton, benthic macroinvertebrates, and fish) in reference and common test areas 

to allow comparative ecological assessments wherever possible The three OU (OU No 1, OU No 2 and OU 

No 3) field programs will run simultaneous to facilmte this integration 

The EE FSP divides field procedures into qualitatwe survey efforts and quantitative sampling efforts with 

emphasis on health and safety, QA/QC, statistical analysis, and equipment calibrations A qualitative 

reconnaissance ecological field survey will be conducted in the spring of 1991, followed by two quantitative 

sampling efforts in late spring-eariy summer and late summer-early fall of the same year Quantitative sampling 

data will supplement the existing database from the RFI/RI on contaminant concentrations in environmental 

medla in order to identify the relationship between the release of contaminants and the ecological 

consequences 

6 8 2 Sampling Objectives 

Contaminant concentrations at exposure points will be compared to ARARs and toxtcdogical literature to 

determine if contaminants are at concentrations potentially toxic to the species present at OU No 1 Tissue 
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sample analysis from terrestrial and aquatic species will provMe information necessary to develop a quantitative 

dose-response assessment of contaminant concentrations, comparing actual intake rates with acceptable 

intake rates 
0 

The qualitative ecological field survey objectives are to provide the necessary data to characterize the aquatic 

and terrestrial ecosystems and supplement the RFI/RI database to provMe adequate information for an 

ecological impact assessment of OU No 1 The field surveys will be conducted to obtain information on the 

occurrence, distribution, and general abundance of biota Qualitative field survey objectives are as follows 

e Review existing data to identify gaps 

e Conduct brief field surveys and an emlogical inventory to describe the existing ecological 

setting in terms of habitats, vegetation, wildlife, and aquatic species Observations for obvlous 

signs or zones of contamination or impacts to biota and their habitats will be made The 

inventory will be accomplished through the use of established ecological field methoddogies 

e Select reference and test areas for quantitative aquatic and terrestrial field sampling 

Identify the presence or absence of protected or other important species and habitats 

e From the above data, identify key plant and animal species which represent the major flow of 

energy through the food web and thus the major pathways for contaminant transfer from 

physical environmental media to higher trophk-level ecological receptors 

e Provide site-specific information for determining objectives, measurement endpoints, and 

methodologies for quantitative field sampling 

The quantltative ecological field sampling objectives are to provide the necessary data to compare aquatic and 

terrestrial communities from impacted and unimpacted reference areas by measuring levels of contaminants 

in biota The quantmtnre field sampling objectlves are as follows 

e Fill data gaps identlfied durtng literature review and qualitative field surveys 

Collect data on species distribution and habitat 

Measure terrestrial vegetation for composition, productmy, and biomass 

Collect tissue samples to analyze for intake rates, exposure times, and food chain relationships 

M8€!SUre ecological endpoints of toxicity to assess the differences in populations and 

e 

e 

e 

e 

commundies between impacted and unimpacted reference areas 
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6 8 3 Qualltatlve Field Surveys a 

I .  

The qualnatlve reconnaissance field surveys will be designed to identify species and habitats present, thereby 

describing and recording aquatic and terrestrial ecosystems Site features such as topography, drainages, and 

soil types will also be recorded Reference areas will be selected for comparative ecological studies, sampling 

locations, frequencies, and protocol will be confirmed Key contaminant-receptor species wiii be identified, and 

representative samples of vegetation, macrolnvertebrates, and fish will be collected Aquatic and terrestrial 

habitats will be checked with f i d  instruments for the presence of contaminants (e g , the presence of voiatile 

organics in soil or seep areas, specific conductivity, and pH changes in aquatic h a W )  Observations will 

be recorded in field notebooks, field instruments will be calibrated daily, as outlined in Ecology SOP (EG&G, 
1991c) 

The qualitative field survey will note the presence or absence of terrestrial/wetland species and their food 

habits The survey procedure will indude a systematic walk-through of the 881 Hillside Area, South Interceptor 

Dltch and Woman Creek to record ecological features Data from the qualitative field surveys and inventory 

will be summarized, tabulated, and accompanied with a narrathre description of the following data types 

e 

0 

e 

e 

e 

e 

e 

e 

e 

0 

0 

e 

e 

Species present 

Habitat descriptions 

Critical/protected habitats 

Protected species 

Terrestrial and aquatic foodwebs 

Potenttal exposure pathways 

Abundance of key species 

Vegetation biomass 

Vegetation cover 

Vegetation frequency and density (shrubs/trees) 

Vegetation importance (community dominance) values 

Characteristics of impacted sampling locations and reference locations 

Description of obvious areas of contaminant impact 

Species presence will be determined by 

e Visual observation 
e Vocailzations heard 

e Burrows/dens observed 
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0 Nests observed 

0 Droppings/scat observed and characterized 

6 8 3 1  jlaua tic Ecoayste ma 

The qualitative reconnaissance survey of aquatic habitats will be along the SiD and Woman Creek south and 

east of OU No 1 The northern buffer zone of Rock Creek will also be included in this survey to identify 

potent& reference areas for comparative quantitative sampling efforts Survey efforts wsll also confirm the 

spat& relationship of contaminant source areas to water springs and seeps, wetlands, ponds, and streams 

The survey results will indude descriptions of recommended sampling stations and reference areas 

Physical descriptions of stream sections and ponds will include parameters such as stream width and depth, 

pod/rMe ratios, water velocity, substrate, bank vegetation, proponion of undercut banks, and channel 

morphology Temperature, specific conductbity, pH, and dissolved oxygen wUI be measured at all springs, 

seeps, and points of dlscharge (e g , the Building 881 footing drain), as well as at various reaches along the 

ditch and creeks, particularly at points where the flow or vegetation characteristics change 

Biological characteristics of stream sections, ponds, and seeps will be described as follows a 
Observations of filamentous algae, slimes, aquatic macrophytes, vertebrate, and invertebrate 

species 
Sampling of fish with seines and dip nets 

Sampling benthic macroinvertebrates utilizing the Raptd Bioassessment Protocols (RBP I) 

0 

0 

developed by EPA (1989d) 

Fish collected will be ldentlfied by species, measured (total length in mm), checked for abnormallties (fin rot, 

lesions, and parasites) and released altve 

Quantitattve sampling stations will be assessed using the RBP I technique supplemented by further investigation 

of periphyton, macrophytes, fish, and slimes The RBP 1 technique will assess the relative abundance of 

benthic macroinvertebrate orders and help determine impacted from unimpacted reference areas 

Standardized field data forms Wl be formatted to indude the fdlowing information 

Relative abundance of macroinvertebrate orders (families for Megaloptera and Diptera) 

Occurrence of periphyton, algae, and aquatic macrophytes 

Water quality measurements (pH, temperature, dissolved oxygen, and specific conductivity) 

0 Abundance of fish species 
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Selection of sampling sites will be based on water quality measurements and biological Indicator criteria such 

as changes in species diversity, absence of pollution-sensitive taxa or dominance of pollution-tolerant taxa, 
abundance of filamentous algae, and obvious drfferences between the contaminated sRe and reference areas 

Results from the qualitative survey will be summarized in a technical memorandum that will also address any 

revisions necessary for the quantitative field sampling program 

e 

6 8 3 2  Tenertrk I Ecosvste ms 

Qualitative reconnaissance field surveys for terrestrlal ecosystems will include identification and recording of 

terrestrial species, delineating habitats and vegetation community types, SOU types, and the general physical 

condition of OU No 1 Specimens will be collected, identified, and marked for future reference Wetlands, 

springs, and seeps will be identified to assist in locating sampling stations close to source areas Survey efforts 

will include observations of small and large mammals, predators, birds, reptiles, animal tracks, vegetation types, 

and community structure Data collections will also include observations of disturbance due to animal 

excavations, burrowing, or other activity Observations and specimen idbntification numbers will be recorded 

in field notebooks 

Key contaminant-receptor species will be identified for quantttative sampling Wetlands, springs, and seeps 

will be examined for signs of contamination Root depths and densities will be determined from shallow hand- 

dug trenches Systematize qualitattve surveys of mammals, birds, and reptiles will be conducted at dawn and 

dusk Standardued data forms wdl include information on species, abundance, health, habitat, and acttvities 

@ 

Medium and larger sized mammals will be counted by relative abundance surveys ("time-area" counts) 

Reptiles wli be counted in conjunction with the large mammal surveys and the habitat searches Opportunistic 

sightings will be recorded as well Species and actlvity encountered will be recorded as specified in the 

Ecology SOPS (EG&G, 1991c) Pellet counts will be conducted as an adjunct to small mammal, songbird, or 

vegetation surveys 

The results from the qualttative terrestrial surveys will be summamed to include site specific information on 

habitats and how they relate to exposure pathways Pathological conditions related to contamination include 
necrosis, chlorosis, and stunting of growth in vegetation Revisions in the quantitatlve field sampling stations 
may be a result based on the conclusions of the qualitative terrestrial field survey 

6 8 3 3 Reference Area8 

Tissue analysis studies will require the sampling of contaminated and control areas in order to establish a 

relationship between contaminated condttions and background conditions in areas not exposed to Rocky Flats 
@ 
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Plant contamination Selection of reference areas wHI be based on criteria developed in the qualitative field 

survey and preliminary planning process Potential sdection criteria include the presence of species to be 

sampled, and similarities to OU No 1 and OU No 2 in terms of topography, aspect, soils, vegetation, range 

type and land use history Reference areas will be upwind rdatlve to prevailing air flow patterns and upstream 

of ail known areas of plant activity 

@ 

The aquatic specles reference areas Meally should be located in Rock Creek A site vlsit will be made to the 

proposed aquatic sampling locations (existing surface water sampling points SW-31 , SW-32, SW-46, SW-70, 

Pond C-2) at the 881 Hillside Area (Figure 2-20) Habitat characteristics vvlll be noted d not previously recorded 

in on-going Plant studies (depth, flow, substrate type, pool/nffie, aquatic/ streamsMe vegetation, etc ) This 

process will be repeated at all potential reference sites 

6 8 4  OW ntbtive Field Surveva 

Quantitatlve field sampling will be used to assess exposure pathways of contamination and determine the 

actual or potential ecdogical consequences and the overall nature of risk The quantitative sampling program 

of aquatic and terrestrial communities will include species tdentrfication at sample stations, tissue sampling for 

bioaccumuiation analysis at potentially impacted sites and unimpacted reference areas, and measurement of 

toxicity levels in surface water 
' 

Quantitative field procedures will conform to SOP 5 1 , Ecology 5 0 (EG&G, 1991 c), and will be integrated with 

the NPDES program which assesses water quality discharges Sampling will be coordinated with the RFI/RI 

sampling of other environmental media, and sampling efforts conducted by EMAD Sampling procedures will 

be integrated with a similar assessment program for OU No 2, and wll also be integrated and conform to 

sample and waste management protocols and the QA/QC requirements for the ER program 

8 8 4 1 Aauatic Ecosvstemg 

6 8 4 1 1 Periphyton 

Periphyton samples will be collected at locations along the South Interceptor Ditch, Woman Creek, and Pond 

C-2 Periphton samplers will be set for two full-colonization penods coinciding with high and base flow 

conditions 
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Location/Freaue n a  

Periphyton samples will be cdlected at the fd lmng  surface water sampling locations SW-31 , SW-32, SW46, 

SW-70, and Pond C-2 (Figure 2-20) If visual observation reveals an absence of periphyton on hard substrates 

at a particular location, or preliminary cdlection of soft sediments and observation wfth fleld microscopes 

reveals an unexpected absence of penphyton on soft substrates at a particular location, the nearest location 

adjacent or downstream which supports periphyton will be sampled and located on a map 

Field Methods 

Periphyton will be sampled using floating samples as outlined in the Ecdogy SOP 5 1 (EG&G, 199lc) The 

methodology will include 

0 Sutface-floating samplers constructed of styrofoam and a submerged rack containing six 
plexiglass slides w l  be used to collect periphyton The upper end of the vertically-suspended 

dMes will be placed about 30 cm below the surface of the water During low-flow periods, the 

samplers will be suspended at 4 5 O  instead of vertically To anchor the sampler in place, 

sufficient weight will be attached at the end of a cord from the bottom of the sampler (cord 

length varied depending upon the depth at the sampling sbe) The exposure period in the field 

will be 14 days minimum If surface-floating samplers cannot be placed, periphyton will be 

scraped from substrate (natural) 

0 Physical and biological characteristics of the sampling station will be recorded when the 

sampler is set and picked up Water quality parameters such as temperature, pH, conductlvity 

and dissoived oxygen will be measured at the beginning and end of the exposure period, and 

whenever aquatic organisms are cdlected Water samples will also be cdlected When aquatic 

organisms are cdlected 

Samples will be prepared for analysis following guidelines in the Ecdogy SOP 5 1 (EG&G, 1991~) The 
methodology will include 

For direct cell counts (Identification and enumeration), algal growth will be scraped from both 
sides of the slide and rinsed wtth distilled water After the sample is diluted (as necessary) and 

preservative added, a subsample will be taken and allowed to settle for approximately 12 hours 
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in a sedimentation cylinder The dilution volume usually 200 ml to lo00 ml and the volume of 
the subsample (1 ml to 5 ml) are dependent upon the amount of growth on the dMe 

Organisms will be Mentrfied to genus and enumerated with a microscope at about 320X 

e Biomass determinations will be made by scraping the growth from both &des of the dMe into 

a pre-weighed crucible The residue is to be dried at 105OC for 12 hours (or until a constant 

weight is obtained), weighed, and then ashed in a muffle furnace at 600°C for 1 hour and 

weighed again The difference between the two weights is the ash-free dry weight or organic 

weight of the sample 

0 To determine the concentrations of cMorophyl1-a and phaeophytin-a, both sues of the ddes 

wUI be scraped and rinsed with a 90 percent acetone solution, resulting in extract vdumes of 

20 ml to 50 ml After the extract is homogenized and steeped for a minimum of 12 hours, it will 

be clarified by centrifuge tube The absorbance (optical density) of the extract is to be read at 

750 nanometers (nm) and 630 nm in a spectrophotometer If dilution is necessary, 2 ml of the 

extract will be added to 10 ml of 90 percent acetone solution The amount of phaeophytin-a, 

a natural degradation product of chlorophyll-a, will be determined by examining the optical 

density at 633 nm before and after acidrfication 

All analyses will be completed within five days of the collection of the slides from the field (EPA, 

1987b) 

Ecoloaiccll EMDO inta 

Periphyton samples will be analyzed for cell counts, genera, species, biomass to estimate colonization rate, 

and chlorophyll-a and phaeophytin-a to estimate productivity Ratios of pollutant-sensitive and pollutant-tderant 

genera wll also be recorded 

Eauimnent 

e Field data sheets for recording site descriptions, water quallty data, flow conditions, chain of 

custody forms and labels 
0 Mesh net sampler 

0 Dredge or grab sampler 

0 Styrofoam floats 

0 Artificial substrate rack with glass slides 
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0 

0 

0 

0 

e 

0 

0 

0 

0 

0 

0 

0 

0 

0 

NO 35 mesh bras screen 

No 60 mesh brass screen 

Forceps and glass vials 

10% formalin 

Dry ice and sample coolers 

Permanent markers 

One gallon zip-loc plastic bags 

Sample containers, labels 

Water qualhy field instruments 

Decontamination equipment 

Instrument calibration standards 

Spare dMe racks with extra slides 

Distilled water 

Containers for water and sediment samples 

6 8 4 1 2 Benthic Macroinvertebrates 

Benthic macrdnvertebrates are the most common fauna used in ecological assessments of contaminant 

releases and are defined as the invertebrates retained by screens of mesh size greater than 0 2 millimeters 

(mm) Two types of sample collectors will be used to obtain macrobenthos samples an Invertebrate sampler 
such as a Surber or Hess sampler with a mesh net, and a grab sampler such as an Ekman Spectfic 

requirements are outlined in the Ecology SOP 5 2 (EG&G, 1991~) 

@ 

Benthic organisms and fish will be collected at SW-31, SW-32, SW-46, SW-70 and Pond C-2 If no aquatic 

habrtat IS present at these designated locations, the nearest downstream location wnh suitable habitat will be 
sampled Benthic macroinvertebrate sampling stations will be at locations that also are sampled for sediment 

and surface water Sampling stations will run along a !%-meter segment of creek, and a 50-meter section of 

pond shoreline 

Field Method@ 

At those stations where shallow flowing waters dominate, a sampler (0 09 m2 or 1 square-foot) with a No 30 

mesh net will be used Samples will be placed in small plastic jars and preserved in a solution as outlined in 

the Ecology SOP 52  (10% formalin) (EG&G, 1991c) Supplemental data on the time the samples are 
collected, weather condltions, water temperature, depth and general nature of the substrate for each sample, 

0 
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and wdth of the creek at the transect wHI also be recorded Triplicate samples will be taken wtthin the 50- 

meter creek segment and transferred directly Into plastlc sample containers with 10% formalin a 
At creek locations where the water is deeper and the bottom IS soft mud or silt with llttie current, a pole- 

mounted dredge or Ekman grab sampler will be used The Ekman may also be used with a remote messenger 

to trigger the sampler At Pond C-2, trlplicate samples will be taken with an Ekman grab sampler, transferred 

to a wash bucket with No 30 sieve mesh, washed, and transferred to a sample container with 10% formalin 

At stations with significant debris, samples will be collected and labeled Benthic organisms will be selected 

out of the debris and categomed into Functional Feeder Groups (EPA, 1989d) in order to assess the 

proportion of scrapers, filterers, and shredders 

Benthic macroinvertebrates will be cdlected for tissue samples to determine presence of inorganic or 
radionuclide contaminants Samples will be cdlected with nets or samplers Samples will be field washed, 

placed on ice, and shipped to the laboratory within 48 hours 

Other physical and bidogical conditions will also be measured at the sampling stations including water quality 

data, and the occurrence of other aquatic species Water quality and sediment samples Will also be collected 

All samples will be numbered and recorded in the field notebook @ 
SamDle Prewration/ARalvsi~ 

Once the sample is obtained, the entire contents will be placed in a large plastic bag and returned to the field 

laboratory where the contents will be sieved through a No 35 mesh (500 pm) sieve and placed in a large white 

tray Organisms will be separated from the debns with forceps under a table-mounted magnifier Specimens 
will be preserved in vials of 10 percent formalin solution Samples will be identified to genus except for 
chironomids identification and enumerations, generally to genus, will be made using dissecting microscopes 

Ecoloa ical EMDO inta 

Benthic macroinvertebrate samples wlli be analyzed for genera, species, biomass, total number of organisms 

by taxa, and ratio of pollutant-tolerant or pollution-sensitive taxa 

Field data sheets, chain-of-custody forms and labels 
0 Field logbook 
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Surber sampler with 352 micron Q mesh net 

Ekman sampler 
Benthic wash buckets with No 30 sieve (or smaller) 

Dip nets 

Boots and waders 

Sample containers, labels, and preservatives 

Boat and oars, anchor, and life preservers 

Water quallty field instruments 

Cooler and ice 

Decontamination equipment 

Instrument calibration standards 

Tape Measure 

Brush with soft plastic bnstles 

Forceps 

Squirt bottle 

Plastic tub (50 cm square or larger to use with Surber or Core Samplers 

Rinse bucket for use with Ekman dredge 

Distilled water 

6 8 4 1 3 Fish 

Lomtion/Freauency 

Fish will be collected at SW-31 , SW-32, SW-46, SW-70 and Pond C-2 If no aquatic habitat is present at these 

designated locations, the nearest downstream location with suitable habitat wll be sampled The intent is to 

sample fish at locations that also are sampled for sediment and surface water 

Field Methods 

Fish wUI be collected from 50 meter stream segments A standard sampling time of 20 to 3, minutes will be 

used at all sampling stations The section will be fished using a Smith-Root backpack shocker The anode 
on the shocker will be fitted with a nonconducting collection net, and the operator will be assisted by one 

person equipped with a fine-mesh, long-handled dip net for fish capture A standard effort of approximately 
900 shocking-seconds will be used to collect the fish An alternative method consists of seining the Mocked-off 
creek sections, one person on each sMe of the seine The seine is moved along one end to the other with 

poles on the bottom At the end of a given length of collection area, the seine IS lifted from the creek and fish 

are collected 

1 

' (. 
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Block nets will be set across the creek at the upstream and downstream end of the section prior to sampling, 

and one or two electroshocking or seine passes will be made through the area 

Captured fish will be held in a floating pen until processed Fish will be identified to species, counted, and 

measured for length (mm) Most fish will be set free unless retained for tissue analysis Weights will be 

determined by water displacement or by spring balance Data will be recorded on standardized field sheets 

shown in the Ecdogy SOP 5 4 (EG&G, 1991 c) Samples will be taken for laboratory MentMcation/confimtlon 

The physlcal characteristics of each sampling station will be recorded, water quality measurements will be 

taken 

Fish retained for sample analysis (minnows and/or sunfish) will be transferred to plastic bags, kept on ice and 

processed wnhin 24 hours after inkial capture Larger fish such as bullheads and catfish may be kept if needed 

for addftional biomass analysis Larger fish will be filleted wtth each fillet being wrapped separately, labeled 

and frozen Fillets may be used as duplicates for laboratory analysis of inorganlcs and radionuclides Smaller 

fish will be cleaned and frozen whde 

- 
Analyses will consist of compiling and summarizing the number, size, and weight of each species of fish 

captured at each sampling site Graphic presentations may include fish length-frequency histograms and plots 

of catch per effort for each sampling area 

Ecolwical Endm intg 

Fish will be identified by species, counted, and measured Data will be analyzed for relative abundance of 

herbivores, carnivorous, and omnivorous, catch-per-unk-effort statistics, and length-frequency histograms 

I. 

0 Field data sheets, chain-of-custody forms and labels 
0 Field logbook 

0 Backpack electroshocker 

0 Measuring board and scales 

0 Boots and waders 
0 Sample containers, labels, and preservatives 

Boat and oars, anchor and lrfe preserver 0 
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Water quality field instruments 

Coder and ice 

Decontamination equipment 
Instrument calibration standards 

Fish identification keys and hand lens 

Selnes (beac seine, kick seine) 

Reinforced dip-nets 

Small dipnets 

Rubber gloves 

Sgallon bucket or equhralent to be used as live well 

Aluminum foil 

6 8 4 2  Terrestria I Ecorvstema 

Quantitatlve field sampling efforts for terrestrial ecosystems will be directed at wetlands, vegetation 

communlties, small mammals, invertebrates, roots, and microbes Reference areas for quantitathre sampling 

will be selected based on similar physical and biological characteristics 

@ 6 8 4 2 1 Vegetation 

Vegetation inventory and sampling for phytosociological data will be performed at OU No 1 , along the South 

Interceptor Dltch and Woman Creek south and east of the 881 Hillside Area A systematic walk-through of 

these areas will be conducted during the field surveys and spring field inventory 

Vegetation sample plots will be located near soil sampling sltes whenever possible The exact location of the 

study plots will be selected by a double randomization procedure The first procedure is selection of the soil 

sample locations as described in Section 5 0 of this RFI/RI Work Plan From each sol sampling point, the 

centerpoint of a vegetation plot will be selected based on a random distance (to 10 m) and random direction, 

using random numbers tables Plot locations will be selected until an adequate number has been selected for 

each major vegetation type Locations will be discarded under several conditions where the selected location 

IS in a vegetation type for which an adequate number of plots has already been selected, where the vegetation 
of the plot is not homogeneous (located In more than one type, or across an ecotone), and where the plot 

would be located in buildings or paved areas A similar process wtll be used for transects dong Woman Creek I @ and the SID, where the sample locations will be in the general area of the surface water/sediment sampling 

points Since vegetation types associated wlth these features tend to be linear, the randomization process may I 
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require limits on direction In addition, multiple plots will be located near (within 50 m) of each surface water 

sampling point to provde an adequate mrnple size @ 
The second procedure involves stratified randomization to Mentify sampling locations for the quantitative 

vegetative description portion of the field Inventory The basis for selecting a random procedure of vegetation 

transect/plot location is to obtain as unbiased an estimator as possible of true population parameters for cover, 

density and frequency Stratification is required because several distinct vegetation types appear to be present 

in the study area, including prairie grassland, marsh, streambank vegetation, well-vegetated disturbed areas, 

and sparsely vegetated disturbed areas 

Field Method4 

The basis for stratification wiil be a vegetation type map, to be prepared based on the 1975 University of 

Colorado vegetation map of Rocky Flats, updated by visual observations during the field surveys This map 

will cover the 881 Hillside Area and the nearby areas along Woman Creek and the SID 

The following quantitative procedures will be used in the Stage I field inventory to cdlect structural and 

compositional data a 
At each plot selected by the process described in Section 6 8 2 1, a transect will be laM out In 

the randomly-selected direction The transect will be in accordance with either the point 

intercept, belt transect, or production plot survey methods, as detailed in the Ecology SOP 5 10 
(EG&G, 1991~) 

0 All shrubs will be enumerated which are rooted within 1 m of the transect centerline Shrubs 

are defined as woody vegetation d over 0 5 m in height, and with a stem diameter of less than 

2 5 cm at 1 4 m aboveground, smaller woody plants will be counted within the herbaceous 

stratum, and larger ones as trees For each shrub rooted within the belt transect, the following 

data wiil be recorded species, height, and two cover diameters at right angles (to calculate 

areal average) 

Herbaceous cover will be visually estimated by species to the nearest percent within a 1 m2 

plot, as discussed in the production plot section of the Ecology SOP 5 10 (EG&G, 1991~) 

Trunk diameter, height, canopy diameter, and species of each tree within 5 m of the transect 

centerline will be recorded 

Final Phase 111 RFI/RI Work Wan 881 Hillside Area 
Rocky Rats Plant, Golden, Colorado 
eg&g\881 \n fs\finai\sec-6 

&vision 1 8 March 1991 
Page 6-41 



Field data will be processed to yield mean cover, density (shrubs and trees), dlameter (trees), 

biomass, and frequency by species and/or lrfe form Each plot/transect will be consMered as 
an observation in calculating the mean and variance Sample adequacy wUI be determined for 

total herbaceous cover using Cochran's formula (1977) 

where N = the minimum number of samples needed 

t = t distribution value for a given level of confidence 

s2 = the variance estimate 

x = themeanofthesample 

d = the level of accuracy desired 

Ecoloaical EMDO inta 

QuantRatlve vegetation sampling will determine composition, cover, and productivity Tissue sample analysis 

will determine effects from bioaccummulation of contaminants 

30 m and 100 m flexible tape 

Brunton compass 

1 m rule 

1 m2 quadrat frames 

1/4 m2 quadrat frames 

Survey stakes or rebar for transect locations 

Small sledge hammer 

Field forms and dipboards, labels, chain-of-custody forms 

Plant press 

Triple beam balance 
Dissecting scope 
Paper cdlection bags 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Drying oven 

Stainless steel shears for tissue dipping 

Small spade for root collection 

Knife 

One gallon plastic riploc bags 

Glass sample containers 

Permanent markers 

Dry ice 

Coders 
Freezer 

Field identification guide 

Decontamination equipment 

6.8 4.2 2 Small Mammals 

A terrestrial wildlife inventory will be conducted wfthin the 881 Hillside Area, the South Interceptor Ditch and 

along Woman Creek south and east of 881 Hillside Small mammal sampling will be conducted as outlined 

in the Ecdogy SOP 5 6 (EG&G, 1991c) Searches for reptiles will be conducted in the appropriate habitats 

in addition to small mammal trap grids e 
Location/Freauency 

Live trapping of small mammals will take place both on the 881 HNlsMe and along the South Interceptor Ditch 

and Woman Creek Trapping wlll occur in mldJune to determine early densities, and in late-August to 

determine reproduction rates and densities 

Field Method8 

Live traps will be laid out in he-rows of fnre-traps each at five-meter lntenrals for a total of 50 traps or 25 traps 

per grid Traps will be baited with rdied oats, cornmeal or peanut butter The traps will be run for four 
consecutive nights and checked at four-hour intervals using recommended procedures in the Ecology SOP 5 6 

(EG&G, 1991c) Data recorded from the trappings will include species, weight, sex, breeding condition, 

presence of tumors and ectoparasites Mammals will be marked with food coloring in order to determine 

success rate of trapping Some species will be collected for tissue analysis, asphyxiated by nonchemical 

manual suffocation, placed in plastic bags, and stored on dry ice in preparation for shipment to laboratory for 1 1) analysts 
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%mole PreMmtion/Analwi# a 
Mammals will be prepared for analysis according to the cnteria specified by the laboratory depending on what 

analysis will be performed 

Parameters analyzed for mammals will be species diversity, density, and reproductive success 

e 

e 

0 

0 

0 

0 

0 

0 

e 

0 

0 

0 

0 

Field data sheets for recording sampling information, labels, chain-of-custody forms 

Sherman or equivalent live traps 

Plastic bags 

Field scales in grams to the nearest gram 

M e r  and dry ice 

Bait (rolled oats, cornmeal or peanut butter) 

StKf brush and squirt bottle 

25-meter or 50-meter fiberglass tape measure 

Food coloring (three colors) 

Glass sample jars 

Field Identification guMe 

Field notebook 

Metafane 

6 8 4 2 3 Roots and Microbes 

One-hundred grams of roots will be collected in late summer, excavated from the sues of trenches Roots 

will be collected from incremental depths of 10 cm to the bottom of the trench Samples will be placed in 

plastic bags and stored on ice until transported to the laboratory for analysis Tissues will be analyzed to 

determine amount of transport of contaminants by root uptake Microbial biomass will be sampled with a 
chloroform fumigation and extraction method 

6 8 4 2 4 Invertebrates 

1 0 Sampling of terrestrial anthropods will conform to the Ecology SOP 5 9 (EG&G, 1991c) Ground arthropods 

encountered will be Mentlfied to order in the field, If possible If not, they will be placed in killing jars, returned 

1 
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to the laboratory, processed, and Klentiiied to order Preservation of species will be used as appropriate 

following guidelines in the SOP @ 
Data to be recorded will include 

0 Species 

0 Host plant 

0 Habitat type 
0 Phenology (stage of development) 

Wetlands will be sampled because of the importance of this sensitive habitat Wetlands will be characterized 

for location, SIZB, and physical condition Samples will be collected for the dominant species In late summer 

for analysis of bioaccumulation of contaminants from springs and seeps Field sampling procedures will 

conform to the Ecology SOP 5 10 (EG&G, 1991c) 

6 8 5  Qw lftv Assurance/Qyg litv co ntrd 

6 8 5 1 Sample Handling 8nd Analytical Protocols 

The methodologies selected for tissue analysis studies will depend on the contaminants of concern and their 

anticipated effects on the selected key contaminant receptor specles Contaminants of concern and key 

receptor species will be determined as early as possible in the qualitative surveys and planning process 

Standardized site protocol for preserving samples for tissue analyses will be followed in those Instances where 

it is anticipated that tissue analyses will be conducted 

Analyses for metals and radionuclides in biota may call for a greater biomass of tissue than is available through 

standard collection methods At least 80 grams of material (wet weight) is needed per sample for metals 

analysis, and 100 grams of material is needed for radionuclMes Obtaining this amount of sample may be 

impractical for some species of vegetation, periphyton, benthos, and macrobenthos It Is not the Intent of the 

sampling program to cause unnecessary disturbance or damage to the biota communities in order to collect 

sufficient samples Any decrease in sample site, however, could make data Interpretation more difficult 

Sampling design should be adequate to ensure statistically valid results DQOs for the tissue sampling 

program will be evaluated with respect to this determination prior to the Stage I field inventory and during 
design I) the stage 111 fiw sampling plan 
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It is anticipated that tissue samples collected for contaminant analysis will be sent to a laboratory for the 

following metals and radionudue analyses @ 
0 Metals determined by Inductively Coupled Argon Plasma Emission Spectroscopy (ICP) (barium, 

hexavalent chromium, copper and iron) 

0 Metals determined by Graphite Furnace Atomic Absorption Spectroscopy (GFAA) (arsenic, 
cadmium, lithium, lead, selenium, strontium and zinc) 

0 Mercury 

0 Uranium-233, -234, -235, -238 

0 Americium-241 

e Plutonium-239, -240 

Holding times, presewation methods, sample containers, and field and laboratory quality control sample 

numbers are contained in the QAPjP and shown in Table 6-2 

6 8 5 2 Statistical Analysis and Procedures 

e Appropriate statistical tests will be used to analyze the data so that precision and accuracy of the results can 

be presented at a stated level of confidence Depending on the data types being analyzed, wlthin-and-between 

station differences, wlthin-and-between season differences, and withirwnd-between species differences will be 

presented Means, variances, standard errors, analyses of variance, regression, and correlation coefficients 

will be computed as appropriate Non-parametrk methods will be employed where variances are 

heteroscedastlc and population distribution is non-normal Where sample sues are insufficient to detect 

differences, only descriptive statistics will be prepared 
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7 0  

APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 

This section provides a preliminary Mentifkation of chemical-specific ARARs for ground water and soils at 

OU No 1 so that appropriate analytical detection limits are used during the RFI/RI Use of appropriate 

detection limits k necessary to allow evaluation of compliance with ARARs in the CMS/FS report As 

described in Section 7 2, evaluation and establishment of location-specific ARARs are a part of the RI process 

and wUI be addressed in the RR/RI Report Final chemical-speck ARAR determinations will also be 

addressed in the RFI/RI Report identification of action-specific ARARs and remediation goals is a part of the 

feaslblrity study process and wiU be addressed In the CMS/FS Report 

7 1  THEARARBASIS 

The bask for ARARs Is cited in Section 121 (d) of CERCLA, as amended by the Superfund Amendments and 

Reauthorization Act of 1Q86 (SARA), which requires that Fund-financed, enforcement, and federal facility 

remedial actions comply with all applicable or relevant and appropriate federal environmental or promulgated 

state environmental or facility siting laws For the purposes of identification and notification of promulgated 

state standards, the term 'promulgated' means that the standards are of general applicability and are legally 

enforceable (National Contingency Plan (NCP), 40 Code of Federal Regulations (CFR) 300 400(g)(4)] @ 
Health-based, chemical-specific ARARs pertinent to ground water and soils (environmental media addressed 

by this work plan) have been identified for the EPA CLP, TCL organic, and TAL inorganic compounds, as well 

as radlonuclides and conventional pollutants, that were detected above background The chemical-specific 

ARARs are derived primarily from federal and state health and environmental statutes and regulations As 
discussed below, in some Instances these standards are dasstned as items 70 be considered" VSC) A 

summary of chemical-specific ARARs for the contaminants found at the 881 Hillside Area in ground water is 

presented in Table 7-1 Maximum contaminant concentrations identified in ground water at OU No 1 are 

shown in the table for comparison to the ARAR or TBC 

One medium for which chemical-specific ARARs do not currently exist is soils As the remedial investigation 
proceeds, information will become available from the baseline risk assessment which will allow a determination 

of acceptable contaminant concentrations in soils to ensure environmental 'protectiveness ' This is discussed 

further in Section 7 5 

, 

ARARs addressing contaminants in air will be included in the CMS/FS Report In general, federal and state 
standards for air exist only as source- or activity-specific requirements and, accordingly, will be addressed in 
detail in the FS process 

e 
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For the pupow of identifying ARARq the seeps at OU No 1 are treated as points at which to evaluate ground 

water quality, much the same as monitoring wells Accordingly, no discussion of ARARs relative to surface 

water is presented in the section Ground-water seeps, their relationship to surface water in OU No 5, and 

surface water ARARs are subjects of the OU No 5 Work Plan 

@ 

7 2  THEARARPROCESS 

’Applicable requirements,’ as defined In 40 CFR 300 5, are ”those deanup standards, standards of control, and 
other substantive requirements, criteria, or limitations promulgated under federal environmental or state 

environmental or facility siting laws that speciflcaily address a hazardous substance, poiiutant, contaminant, 

remedial action, location, or other clrcumstance found at a CERCLA site Only those state standards that are 

identified by a state in a timely manner and that are more stringent than federal requirements may be 

’applicable ’ ‘Relevant and appropriate requirements,” also defined in 40 CFR 300 5, are ”those cleanup 

standards, standards of control, and other substantive requirements, criteria, or limitations promulgated under 

federal environmental or state emrironmental or faculty siting laws, that, whle not ’applicable” to a hazardous 

substance, pollutant, contaminant, remedial action, location, or other circumstance at a CERCLA site, address 

problems or situations sufficiently similar to those encountered at the CERCLA site that their use is well suited 

to the particular site Only those state standards that are identified in a timely manner and are more stringent 

than federal requirements may be relevant and appropriate ’ The most stringent promulgated standards are 

applied as ARAR (Preamble to NCP, 55m 8741) 

a 

7 2 2  TBCs 

In addition to applicable or relevant and appropriate requirements, advisories, criteria, or guidance may be 

identified TBC for a particular release As defined in 40 CFR 300 400(g)(3), the TBC category consists of 
adwsories, criteria, or guklance developed by EPA, other federal agencies, or states that may be useful in 

developing remedies Use of TBCs is discretionary rather than mandatory, as opposed to the use of ARARs, 

which is mandatory 

I 

7 2 3 ARAR Categories 

In general, there are three categories of ARARs These categories are e 
1 Amkent or chemical-specrfic requirements 
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2 Location-specific requirements 

3 Performance, design, or other action-specific requirements 

ARARs are generally considered to be dynamic in nature in that they evolve from general to very specific in 

the CERCIA she deanup process Initially, during the RI work pian stage, probable chemical-specific ARARs 

may be identified, usually based on a limited amount of data Chemical-specific ARARs at this point have 

meaning only in that they may be used to establish appropriate detection limits, so that data collected in the 

RI will be amenable for comparison to ARAR standards These proposed chemical-specific ARARs are not 

necessarily representative of the final A M s  which will ultimately control selected remedial actions It is also 

appropriate to identify location-specific ARARs early in the RI process so that information may be gathered to 

determine If restrictions have been placed on the concentration of hazardous substances or on the conduct 

of an actMty solely because It occurs in a speciai location 

7 2 4 Feasibility Study ARAR Requirements 

Development of a preliminary list of potential chemical-specific ARARs in the RI process also allows the 

establishment of a list of preliminary remediation goals in the early FS process, which is essentially a tentative 

listing of contaminants together with initially anticipated deanup concentrations or risk levels for each medium 

Preliminary remediation goals serve to focus the development of alternatives on remedd technologies that can 

achieve the remediation goals, thereby limlting the number of alternatives to be considered in the detailed 

remedial alternative analysis, conducted later in the FS process As more information becomes available during 

the RI stage, chemical-speciflc ARARs may become more refined as constituents are added or deleted Once 

data collection is complete, revised chemical-specdic ARARs may be proposed 

When the data coliection is complete, it is also appropriate to refine location-specific ARARs which may affect 

the development of remedial altemathres In addition, during development of remedial action alternatives at 

the beginning of the FS proce9s. a preliminary consMeration of action-specific ARARs will be conducted As 
remedial alternatives are screened during the FS, action-specific ARARs will be MentMied When a detailed 

analysis of the remedial alternatives is conducted, all action-specific ARARs are refined and finalized with 

respect to each altemathre before a comparison of alternatives begins At this point, a discussion is provided 

in the FS report for each remedial alternative regarding the rationale for all ARAR determinations 

7 3 REMEDIAL ACTION AND REMEDIATION GOALS 

CERCIA §121 specifically requires attainment of all A M s  Moreover, as explained in the preamble to the 

NCP (55 8741), in order to attain all ARARs, a remedial action must comply with the most stringent 

requirement, which then ensures attainment of ail other ARARs Furthermore, CERCIA requires that the 
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remedies selected must attain A R A R s U  be protective of human health and the environment Consequently, 

preliminary remediation goals based on ARARs will require modification as new information and data are 

collected in the RI, including the baseline risk assessment (to be conducted), when ARARs are not available 

or are determined to be inadequate for protection of human health and the environment 

(I) 

' e  

Development of remediation goals Is actually a portion of the overall development of remedial action objectives, 

which ultimately will define the required endpoint of the selected remedial action As stated in the preamble 

to the NCP (55m 8713), 'remedial action objectives are the more general description of what the remedial 

action will accomplish Remediation goals are a subset of remedhl action objectives and consfst of medium- 

speciflc or operable unit-specific chemical concentrations that are protective of human health and the 

environment and m e  as goals for the remedial action The remedial action objectives ' should specyl (1) 

the contaminants of concern, (2) exposure routes and receptors, and (3) an acceptable contaminant level or 

range of levels for each exposure medium (i e , a preliminary remediation goals)" According to 40 CFR 
300 430 (e)(2)(i), 'Remediation goals shall establish acceptable exposure levels that are protective of human 

health and the environment and shall be developed by considering the following' 

(A) AMRs (chemkal-speclRc) and 

(1) 
(2) 
(3) 
(4) Uncertainty factors, and 
(5) Other pertinent information 

Acceptable exposure levels for systemic toxicants, 
Acceptable exposure levels for known or suspected carcinogens, 
Technical iimttations (e g , detection limits), 

(B) Maximum Contaminant Level Goals (MCLGs) [or Maximum Contaminant Levels (MCLs) where 
MCLGs are zero or where MCLGs are not relevant and appropr~ate], where relevant and 
appropriate 

(C) Acceptable exposure levels where multiple contaminants or multiple exposure pathways will 
cause exposure at ARAR levels resulting in cumulative risk in excess of lo4 

(D) CWA and Ambient Water Quality Criteria (AWQC), where relevant and appropriate 

(E) A CERCLA Alternative Concentration Limit (ACL) established pursuant to CERCIA § 
121 (dl (2) ( W )  

(F) Environmental evaluations, performed to assess specific threats to the environment 

Once a preferred remedial action alternative is formally selected, all chemical-, location-, and action-speck 

ARARs have also been defined in final form If it is found that the most suitable remedial alternative does not 

meet an ARAR, the NCP at 40 CFR 300430 (f')(l)(ii)(C) provides for waivers of ARARs under certain 

circumstances, such as technical impracticability, risk, or inconsistent application of state requirements From 

this point, the alternative will become the final remedy as it is incorporated into the ROD Once the final ROD I )  
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has been signed, requirements may be modiffed only when they are determined to be applicable or relevant 

and appropriatea necessary to ensure that the remedy IS protective of human health and the environment 0 
(40 CFR 300 430(9(l)(ii)) 

Owners or operators of facilities that treat, store, or dispose of hazardous waste must ensure that hazardous 

constituents listed In 6 Colorado Code of Regulations (CCR), 1007-3 and 40 CFR 261 Appendix Vlll entering 

the ground water from a regulated unit do not exceed concentration l imb (6 CCR 1007-3 and 40 CFR 264 94) 

at the point of compliance in the uppermost aquifer The concentration limits include standards for 14 

compounds (these standards are equhralent to and a subset of SDWA MCLs and are Mentlfied at 40 CFR 

7 4 OPERABLE UNIT NO 1 GROUND-WATER ARARs 

I 

The ARARs for alluvial ground water listed in Table 7-1 were developed using the ARARs rationale described 

above and were klentlfied by examining the fdlowing promulgated standards 

e SDWA MCLs 
e RCRA 40 CFR Part 264 Subpart F concentration limits 

7.4 1 Safe Drinking Water Act M C b  

SDWA MCLs represent the maximum permissible level of a contaminant in water which is delwred to the free- 

flowing outlet of the ultimate user of a public water system (40 CFR 141 2(c)) Furthermore, the NCP [40 CFR 

300 430 (e)] requires that, in development of alternatives for final remediation, the fdlowing be considered for 

current or potential sources of drinking water attainment of MCLGs or MCLs, if MCLGs are zero, and 

attainment of CWA AWQC, where relevant and appropriate Because ground water at OU No 1 is a potential 

source of drinking water, the MCLGs (or MCb) are relevant and appropriate and should be attained (note 

the MCLGs are currently zero or equal to the MCLs) It should be noted that on January 30,1991 (56FR3526), 

EPA published new MCLs and MCLGs in final form for a number of the constituents MentHied in Table 7-1 

These standards are effective July 30,1992 and will be regarded as relevant and appropriate at that time For 

the purposes of this work plan, the new MCLs (new MCLGs are zero or equal to the MCLs) have been 

determined to be proposed TBC and are identified as such in Table 7-1 The AWQC are not ARAR and are 

not considered with respect to ground water, since they are intended for the protection of surface water reiattve 

to fish ingestion and drinking water or only fish ingestion Therefore, it is inappropriate to apply such CWA 
criteria to ground water 

@ 

7 4 2 RCRA 40 CFR Part 264 Subpart F Concentration Umits 
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Appendix Vlll constituents or 40 CFR Part 264 Appendix IX constituents These concentration limits apply to 

RCRA ’regulated units’ subject to permbing (defined at 40 CFR 26490 to include landfills, surface 

impoundments, waste piles, and land treatment units) that received RCRA hazardous waste after July 26,1982 

Although OU No 1 does not contaln RCRA-regulated hazardous waste management units, It does contain 

IHSSs As a result, these RCRA 40 CFR Part 264 Subpart F regulations are consldered relevant and 

appropriate for ground water 

0 

As discussed above, an ACL may be established for a hazardous constituent if it is determined that attainment 

of a Subpart F Table 1 constituent standard or background standard is not necessary to ensure adequate 

protection of human health and the environment Furthermore, EPA has stated that for potential drinking water 

sources, the Agency‘s preference is to set remedlation levels that are the equivalent of exposure- or health- 

based ACLs under RCRA (EPA, 1988d) Therefore, it is Inappropriate to establish background as an ARAR 

unless it may be determined through risk assessment that attainment of background is necessary for adequate 

protection of human health and the emrironment. Accordingly, 40 CFR Part 264 Subpart F Table 1 standards 

and hazardous constituent background values will be applied as TBC until such time as risk assessment 

information Indkates some other alternative standard is necessary to ensure “protectiveness” TBC background 

ground water values for Subpart F are applied using maximum concentrations from background ground water 

in both the alluvial and bedrock lithologies at Rocky Fiats Plant e 
7.43 Ground-Water TBC8 

The Colorado Water Quality Control Commission (WQCC) statewide ground-water standards have been 

applied as TBC since they are not yet enforceable Similarly, since ground water at Rocky Flats Plant has not 

been classified, the use-specific standards in Tables 1 through 4 of the WQCC Basic Standards for Ground 

Water at 3 11 0 (5 CCR 1002-8) have also been applied as TBC where ARARs are not available In this 

application, the most stringent of the standards in Tables 1 through 4 has been identified as TBC 

7 5 OPERABLE UNIT NO. 1 SOIL ARARs 

As discussed in Section 7 1, one medium for which chemical-specific ARARs do not currently exist are soils, 

however, a risk assessment will be performed to determine acceptable contaminant concentrations in soils to 

ensure environmental ‘protecthrenes8’ At this time, with respect to establishing analytical detection limits for 

SOUS, use of the method detection limits provided in the GRRASP (EG&G, 199Oi), which are CW contract 

required qwntltation limits, should enable meaningful interpretation of soil sample results 
I 
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7 6 OPERABLE UNIT NO. 1 ARARS SUMMARY 

Table 7-1 shows that ceftaln volatile organics, metals, and major ions that were analyzed have exceeded 

proposed chemical-specific ARARs at some locations within OU No 1 This does not indicate releases of these 

constituents are occurring, since the concentrations of some substances may be due to past releases or to 

natural geochemical p a s s e s  The listing of Table 7-1 has been presented to identify parameters for which 

analysis should be conducted In the Phase Ii RFI/Ri, and to Mente the minimum acceptable detection limits 

for analytes found In OU No 1 ground water The FS will evaluate technologies that address these 

constituents 

Of the elements/compounds detected in ground water at OU No 1, there are no A M s  or TBCs for calcium, 

magnesium, motybdenum, potassium, sodium, strontium, or bicarbonate However, the TDS TBC provlded 

by the WQCC Ground Water Standards establishes the acceptable aggregate concentration for the major metal 

ions (excludes strontium and molybdenum) 

For any contaminants detected R ground water for which no ARARs or TBCs were found, analytical detection 

limits MI be based on the method detection limits provided in the GRRASP (EG&G, 199Oi), which are CLP 

contract required quantitation limits and should enable meaningful interpretation of sample results Risk-based 

concentrations based on the baseline well risk assessment, establish the remediation goals for these trace 

metals and organics, thus ensuring ermlronmental "protectiveness " 

I. 
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8 0  
SCHEDULE 

The schedule for conducting the Phase 111 RFI/RIFS IS summarized in Figure 8-1 The schedule indudes both 

the RFI/RI and the CMS/FS activities The schedule is in accordance with the signed January 22,1991 IAG 

As discussed in Sectbn 5 0 (FSP), monitoring wells will be installed for plume characterization, and borlngs 

and monitoring wells will be drilled for source characterization Borehole, ground-water, sediment, and surficial 

soil samples will be collected for chemical analysis The data will be validated and evaluated for incorporation 

into the draft and final RFI/RI reports 

During RFI/RI report preparation, ongoing treatability studies will be in progress and the CMS/FS will start 

The CMS/FS will include remedial alternatives development and screening, and detailed analysis of alternatives 

According to this schedule, nearly three years will elapse from the time this work plan is finalized until the final 

CMS/FS report is prepared 

‘ e  
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AITACHMENT 1 0  

RESPONSES TO EPA AND CDH COMMENTS 

1 1  INTROOUCTlON 

This document presents responses to U S Environmental Protection Agency (EPA) and Colorado Department 
of Health (CDH) comments on the Final Phase ill RFI/RI Work Pian for the 881 Hillside Area [Operable Unit 
No 1 (OU No l)] at the Rocky Flats Plant The Final Work Pian was submitted to EPA and CDH in October 
1990, and written comments were received from EPA and CDH in December 19W This response to 
comments is a companion document to the revised Phase 111 RFI/Ri Work Pian that has been prepared 
pursuant to these regulatory agency comments The Phase lit Work Plan has been revised to better assure 
that the RFi/RI and CMS/FS are conducted in accordance with a plan to which all parties are In agreement 
it is noted that the Phase 111 Work Plan has also been modified for consistency wtth the revised Final Phase 
II RFi/RI Work Plan (alluvial) for  Operable Unit No 2 (to be submitted under separate cover) This consistency 
in planning is necessary in that comments received on the Operable Unit No 2, Phase It Work Plan are often 
relevant to the OU No 1 Phase 111 RFI/RI Work Plan The substantathre changes to the plan that are not 
pursuant to a specific Phase 111 Work Plan comment are noted in these responses to comments 

1 2 RESPONSE TO EPA COMMENTS 

GENERAL COMMENTS 

€PA submitted comments in October 1990 on the Site- Wide Quality Assurance Project Plan (QAPjP) 
and the Standard Operating Procedures (SOPS) which together make the Sampling and Analysis Plan 
(SAP) The SAP comments should have been taken into account in generating the OU 1 Qual& 
Assurance Addendum (QAA) document A major concern is that the SAP did not adequately address 
the major QA procedures that will be employed at all the individual hazardous substance sites (IHSS) 
Much of the basrc concepts were deferred to the sitespecific QAA and the OU 1 QAA defers to the 
SAP The QAA is designed to and must supplement the QAP}P where sitespecific information is 
needed The QAA provides site-specific information and should have been referenced in the Field 
Sampling Plan of the work plan The QAA should state the accessibility of the SAP for worker 
instruction These issues must be resolved to €PA satisfaction prior to EPA's final approval of this 
workplan 

' 0  

While the nature and axtent of contamination section in Chapter 2 does provide summaries of 
contaminants in the dmerent media, the section should have presented sufficient graphic 
representation of data in the form of tables, cross sections and plume maps Even where insuff7cient 
data prevents detailed anatysis (i e , plume maps), chemical data could have been p/ofted along with 
hydrogeologic data to identi& trends, correlations, and data gaps Trend anatyses are lacking The 
data that have been collected for over three years at the site could have been used for t r d  analyses 
in characterizing the nature and extent of contarnination The information genemted through 
implementation of ihis work plan must be presented to address this comment in the Phase Ill R F I p  
Report 

The approach in the revised work plan of evaluating the groundwater conditions by hpdrologic unit 
rather than by SWMU is approprlate as contamination from the SWMUs is likely commingled However, 
n is still necessary to define the type of contamination at each source for determining appropriate 
cleanup methods It should be noted that the unconfined aquifer can be locai/y interconnected with 
the underlying sandstones Thus, contaminated groundwater from the surf.icial deposits can be 
transmitted to the underlying claystones and sandstones 
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It is apparent that the Phase I and Phase I1 site evalmfion investlgatrons did not adequately 
characterize the site in terms of the soll, surface water and groundwater systems The Phase Ill RFlfli 
investigation must result in an accurate conceptual model of the hydrogeologic system in the vicinity 
of OU 1 The conceptual model should be developed for en area somewhat larger than OU 1 to 
account for the fact that w c a i  earth systems are not limited by erWIcia1 boundaries 

A site conceptual model is lacking for development of the baseline risk assessment The text 
describes a site conceptual model only in terms of geology and hydrology In the context of the risk 
assessment, the model shoukf include all media and be based on an ana/ysis of potentially complete 
exposure pathways In the RI work plan, the she conceprual model shouid have been evaluated for 
likely exposure points These exposure points should have been c o n s l d d  when sampling and 
anatysis plans were written For several environmental contaminants, particle she may be important 
in determining exposure concentrations Failure to examine appropriate particle skes may result in 
under estimation of exposure concentrations Sampling for extent of contaminadion over large areas 
provides IHtle data for estimation of specific exposure point concentrations tf sampling is not 
extensive enough to detect a 'hot spot,' it may not be smcient for estimaffon of exposure point 
concentrations in a resrdential setting where such a 'hot Spar might impact 4 to 8 or more 
homes/lving unm This comment needs to be addressed in order to develop an accurate 
assessment of risk for presentation within the Phase 111 RFIPI Report 

A key eiement is missing from the description of activities for the baseline risk assessment Before 
rdentlfying chemicals of concern, a data evaluatton step is critical 7Bis step ensures that the rlsk 
assessment uses appropriate and reliable data, nohng a 9  data geps or other data problems that 
contribute significantly to uncertainty Of particular concern are quantification limits, uses and 
limitations of qualifled dataJ evaluation of tentatively-identified compounds (if any), statistical analysis 
of background and increases over background, and representativeness of data The data evaluation 
develops a subset of all the Rl data which is to be used in the risk assessment This data will then 
define the chemicals of concern and, if necessary, provide numerical critena for reducing the number 
of chemicals of concern This evaluation can also idenryI data necessary to support the risk 
assessment This comment needs to be addressed in otder to ensure that the work plan will provide 
the necessary data to support an accurate risk assessment 

The RFIfll work plan should have addressed the possibility of archeological and historic sites on the 
plant site and OU 1 (Indian adfacts were found outside of the buffer zone along Rock Creek during 
Fall 1990) Since the presence of archaeological and historic sites may trigger additlonal ARARsJ this 
issue must be addressed in the Phase 111 RFIRI Report 

The work plan should have included an investigatron of the retention pond located approximately 790 
feet southeast of Bug 881 as shown in the October 1964 air photos It appears that the pond 
collected drainage from SWMUs 107 and 103 This issue must be resolved prior to submittal of the 
Phase 111 RFIRI Report 

The response to comments (pages 1-1 and 3-1) indicates that suppotting documents requested by 
EPA and CDH wll be submHted under separate cover These documents should have been submitted 
concurrently wlth the work plan 

At some point in the RIPS process, remediation goals (i e , cleanup levels) need to be established 
With the exception of the 'no action altematwe, the alternatives scrutinized in the FS should be tailored 
to obtain those goals The remediatlon goals should be based on both ARARs and on the baseline 
risk assessment That is, the contaminants should be remediated such that their concentrations do 
not exceed any ARARs and do not pose a threat to human health or the environment Since it is most 
appropriate for the remediation goals to be established at the conclusion of the RI phase (at the 
conclusion of the baseline risk assessment) or early in the FS phase, the R I B  work plan should have 
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defined a process which would be used to determine the process for ldenfi@ing those remedlatlon 
goals 

The document shouM have set forth the process whereby location specific ARARs would be l d d i e d  
Potential location specific ARARs must be identlfld during the RI phase (see 40 CFR 300 43Q(d)(3)) 
Action-specIfic ARARs need to be identified durlng the FS phase, as approPriate for a given remedial 
alternative 

There are still many uncertaintes regarding appropriate background values for mew, radionuclides 
and major inorganic cations and anions for groundwater, sutface water and soil (Natural background 
concentrations of major ions may range over two orders of magnitude NatMal background 
concentrations of metals and radlonuclides are a function of the mineralogy of the sediments Wlch 
comprise the unconsolidated deposits and bedrock which underlie the site) Comparison of 
concentrations ofme?als, radionuclides and m40r ions to the &mated beckground levels should be 
done with caution and thls comparison should not be the only factor used to deckte If conmlnatlon 
has occurred In light of the uncertalnties, conservathre assumptions must be used In the use of any 
background level unless the existence end genesis of the background level(s) can be substantiated 

RESPONSE 

Because these general comments are a summary of the specific comments, the responses provided 
herein address these general concerns 

EXECUTIVE SUMMARY 

Prellminery results of the IM/IRA Indicate the presence of toluene along the proposed french draln 
alignment Follow-up testing has not been completed to ver@ the presence of toluene The RFlfll 
work plan falls to mention the possibilhy of toluene contamination The work plan should have 
included information horn the IM/IRA, and should have proposed investigations to determine nature 
and extent of toluene contamination The Phase Ill RFIPI Report must reso/ve this issue 

Indiana Street and Highway 128 should have been shown on the map as these are major roads which 
bound the buffer zone As a general practice, scales should be included on all maps submitted to 
€PA 

RESPONSE 

At the time the Final Phase ill RFi/RI Work Pian was prepared, the occurrence of toluene in the French 
Drain Investigation soil samples was under review and evaluation Providing those data in the RFI/RI work plan 
along wah plans to characterize the extent of the contamination was premature, and In many ways, 'putting 
the cart before the horse' (the French Draln Investigation Report had not yet been submitted) If the toluene 
was determined to be a site contaminant, an addendum to the RFI/Ri Work Plan would have been prepared 
Because the Final Phase 111 RFI/RI Work Plan is being revised, the available data have now been included 
(Appendix B) and discussed (Section 232), and specific plans have been developed that address the 
Occurrence of tduene in soils at the 881 HillsMe Area (Section 5 0) 

The map scales and boundary hlghways are shown on Figure 1-1 in Revlsion 1 of the Final Phase 111 - . -  

RFI/RI Work Plan 
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Section 1 3 2.2 - Sutface Wate r Mrology 

The section should have been updated to reflect the past and present discharge practices In the 
Walnut and Woman Creek dralnages 

RESPONSE 

This section of Revision 1 of the Phase 111 RFi/RI Work Plan now discusses the diversion dttch from 
Pond E 2  to the Broomfield DMsion Canal 

Fiaure 1-2 

The figure should have been updated to show the diversion sbuctures In Woman and Walnut Creeks 

RESPONSE 

Figure 1-2 of Revision 1 of the Phase 111 RFi/Ri Work Plan indudes these diversion structures 

3 ion 1 I r  

The term descending can be misleading without qualiflcatlon The language should have been 
changed to ‘Geologic units at the Rocky Flats Plant, in order of descending age, are the ’ 

e RESPONSE 

Section 1 3 2 3 has been revised and no longer refers to descending untts 

Section 1 3.2 3 - Rockv Flats Alluvium 

The extent of the Rocky Flats Alluvium should have been shown (refer to figure 2-2) A cross section 
should have been added that illustrates eastward thinning of the Rocky Flats Allwlum 

RESPONSE 

Figure 1 3  in Revision 1 of the Final Phase 111 RFI/RI Work Plan, presents a simplified east-west cross 
section of the ‘surfkial alluvial depostts’ and illustrates the ikntted extent of the Rocky Flats Allwium Figure 
2 3  presents the extent of the Rocky Flats Allwium In the vicinity of the 881 HillsMe 

Section 1 3 2 3 - Aramhoe Fotmatto n 

A cross section should have been presented to illustrate the geologic relationships belween the units 
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A generalized east-west cross section of the regional geology has been included in Revision 1 of the 
Final Phase 111 RFI/RI Work Plan (Figure 1-4) 

&&on 1.3 2 3 - kramie F m t i o n  and Fox Hills Sands tong 

The thickness of the upper claystone should have been provided Structural conirds can allow for 
penetratron of contaminants to deeper una The work plan shouM have accounted for this possibililyl 
and the remedial investigation must include an assessment 

RESPONSE 

The Final Phase 111 RFI/RI Work Plan states, "The upper Laramie Formation Is greater than 700 feet thick 
and is of very low hydraulic conductivity' This statement was retained in the revised final work plan No 
extensive faulting has been documented within the Rocky Flats Plant and for several miles downgradient of 
the Plant boundary (HuK, 1976, Spencer, 1961) 

section I 3 2 4 - MeteorolpsIJ! 

The section should have been updated to reflect the current TRAC model studies A conceptual 
model within the work plan should have inciuded a detailed description of the air pathway so that 
iikely exposure points could be idenMted and monitored The specific air flow patterns at OU 1 must 
be addressed in the Phase Ill RFl/Ri Reportl 8s there are variations due b changino topography 

RESPONSE 

The TFiAC model studies specffic air flow patterns at OU No 1 These will be addressed in the Phase 
111 RFI/RI Report The revised work plan presents a site conceptual model that includes a discussion of the 
air pathway (Section 2 4) 

secrlo n 1 3 2 6  - ECO~O~Y 

This section appeared incomplete A descnption of the studies h t  were completed to reach the 
conclusions provided in this document should have been provided The description should have 
included a list of the plant and animal life found in the area The Environmental Evaluation Plan should 
have been referenced to show that further work will be underhiken All conclusions reached and 
assumptions made in the Phase Ill RFIPI Report must be substantiated elther wlthin the report or by 
reference 

RESPONSE 

This sectlon of the Work Plan now references Section 6 0, the Envlronmental Evaluation Plan, where 
future studies are described As discussed in Section 6 0, the first phase of the environmental evaluation wUi 
be an indepth review of previous work in order to lay the foundation for the Phase 111 environmental studies 
The Phase Ill RFI/Ri Report will adequately document and substantiate all findings and conclusions 
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Section 1.4.6 - Hillside Oil Leak Site I IHSS Ref. No 1071 

The work plan shouM have included ell information regardng any sampling of the dl spill prior to 
removal to the present landfill This information must be presented in the Phase Ill RFIBI Report 

RESPONSE 

All available information pertaining to IHSS 107 was presented in the Final Phase 111 RFI/RI Work Plan 
if more information becomes available, it will be presented In the Phase 111 RFI/RI Report 

There are no provisions Win the Phase Ill RFlfil work plan to confitm the presumption thet the 4- 
inch sewer Ilne, an outfall pipe from Bullding 881, WBS indeed replaced It  seems prudent to perform 
a dye or smoke test to vem replacement The Phase Ill RFIBI Report must present informatron to 
resolve this issue 

RESPONSE 

The presumption that the sewer line was replaced is based on review of current construction drawings 
It Is unclear how a dye or smoke test will assist in evaluating replacement of the sewer line pipe Review of 
Plant construction records seems a more plausible method of vertfying the $ewer line replacement, and such 
a review will be performed 

ion 1 4  10 - Buildina 885 Dru m Stoaue S fie (IHSS No 177) 
a 

The section should have referenced OU 10 which contains IHSS 177 

RESPONSE 

Section 1 4 10 of Revision 1 of the Final Phase 111 RFI/RI Work Plan references OU No 10 

Section 2 1 - Paae 2-1. Paraam h l  

This section states that four bedrock wells were installed during Phase I and Phase II acMes In 
contrast, Figure 2- 1, which shows Phase I and Ii monitoring well locations, indicates seven bedrock 
monitoring wells were installed This discrepancy should have been c m t e d  in thls work plan and 
must be resolved in the Phase Ill RFI’I Report 

RESPONSE 

Figure 2-1 is correct Seven bedrock monitoring wells were installed The text of Revision 1 of the Final 
Phase 111 RFI/RI Work Plan has been corrected and modified to indude a discussion of all field activities in the 
area of the 881 HillsMe conducted since 1986 
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Section 2 2 1.1 - Surficial Geology 

The text should have described the surficial deposits in greater detail (see CDH comments, p 3-1) 

The interpretation of the geometry of the gravel layers in the alluvium must be verified during the Phase 
Iil work The data from Phase I and Phase II do not allow this interpretation to be made with certeinly 
It is very important that the existence of these gravel layers and the interpreted geametty be verified 
during the remedial investigabon as the gravels may be prefened paths of contaminant transport 

The work plan should have discussed the origin of the notth-south trending 'swales' that 'drain' 
Hillside 88 7 ,  and/or should propose investigation of these swales if this is importent to the conceptual 
model of the Hillsrde The importance, impact and characterization of the svdes, n approPratel must 
be provided in the Phase Ill RFIBI Report 

RESPONSE 

Detailed descrlptbns of the surficial geolooy based on existing and new data will be provided In the 
Phase 111 RFI/RI Report 

The gravel layers In the alluvium and colluvium will be defined by borehole sampling and preparation 
of stratigraphic cross sections as proposed In Revision 1 of the Phase 111 RFI/RI Work plan and will be Included 
in the Phase 111 RFI/Ri Report 

The swales occur by downward erosion of the hllslde caused by surface water runoff from the Rocky 
Flats Alluvium terrace toward the Woman Creek drainage The resultant erosional pattern is reflected in the 
swales and ndges observed 

The map should have presented the locatron of ail of the disturbed ground in SWMU 179 2 

RESPONSE 

All of IHSS 119 2 has been shown as disturbed ground in Flgure 2-3 (formerly Figure 2-2) in Revision 1 
of the Ftnal Phase 111 RFI/RI Work Plan 

The terminology 'mrld frecturlng' should have been defined (see CDH commentsl pg 3-2) 

RESPONSE 

Weathered daystones may typically exhibit a fracture denslty of three to seven Iron oxide-filled, healed 
fractures per foot, unweathered daystones may typlcally exhibit a fracture denslty of zero to three Iron oxide 
filled to manganese oxide filled, healed fractures per foot This fracture denslty inforrnatbn was obtained from 
borehole logs of the French Drain Geotechnical Investigation (EG&G, 1991a) and will be provided in the Phase 
111 RFl/RI Report 
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section 2 2 1 2 - Clavstones 

The lrthologic unn(s) in which the packer tests for well 5-87 were completed should have been stated 
Information pertaining to the nature of the claystone and the depths of testing are necessary Packer 
test information and results should have been provided for each well and must be provMed in the 
Phase 111 RFI/RI Report 

What is the orientation of the 45 degree fracture identified in weathered claystone in well 8-87? The 
Phase 111 investigation must include looking for any fault treces or fractures in the suhce and 
subsurface 

RESPONSE 

Tables 2-3 through 2 6  have been added to Section 2 2 2 1, Groundwater flow Rates, In the revised 
Phase 111 RFI/RI Work Plan These tables indude all available hydraulic conductMty data for the 881 Hillskle 
Area 

The orientation of the 45 degree fracture identified in well 8-87 cannot be determined because coring 
operations were not conducted to retrieve the core in its In-situ orlentation Fracture orientation is not 
consMered necessary for contaminant characterization of the bedrock, and oriented core drilling Is not practical 
for the planned extensive drlling program 

Preliminary cross sections (north-south and west-east) should have been provided illustrating the 
relationships of the geologic units (sutfickl and bedrock), wells, boreholes and water levels described 
in the document The specific data that allowed calculation of the meen hydraulic conductivity should 
have been provided in the work plan and must be presented in the Phase Ill RFIfiI Repott The w k  
and anticIp8ted schedule pertaining to OU 1 in the high resolution seismic reflection program and 
plant-wide geologic Ch8t~tCterhatiOt1 study should have been provided These important studies must 
be incorporated while developing the Phase 111 RFI/RI Report 

The Phase I and II data indicate that the mean hydraulic conductivity of weathered claystone (7 x 10 
cm/s) and wetithered sandstone (3 9 x 10 cm/s) am about the same The work plan should have 
explained this The Phase Ill investigation must include more aquifer testing of the weethered 
claystone and weathered sandstone so that the Phese Ill RFI/RI Report can present this information 

RESPONSE 

Preliminary north-south cross sections were provided In the Phase ll RI (Plates 5-2,54 and 5-4), and 
east-west cross sections of the bedrock are presented in the French Drain Geotechnical investigation Report 
(EG&G, 1991a-Piate 1) This information, updated with data collected during the Phase 111 RFI/RI, wUI be 
provided in the Phase 111 RFi/RI Report 

The data used to calculate the mean hydraulic conductMty have been provided in the revised Final 
Phase 111 RFI/RI Work Plan 

A high resolution seismic reflection program is not scheduled for OU No 1 

I 

1 @ 

During the French Drain Geotechnical Investigation, numerous packer tests were performed in the 
weathered claystone directly below the bedrock contact Tables of the results are provided in the revised Final 
Phase 111 RFI/RI Work Plan (Tables 2-4 and 2-5) It seems unnecessary to pefform more hydraulic tests in the 
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bedrock claystone based on these results However, with respect to weathered sandstone, Section 5 2 1 3 of 
the Final Phase 111 RFI/RI Work Plan notes that hydraulic tests win be performed in all newfy Installed monitor 
wells subsequent to development a 
Section 2 2 2 1 - Unconfined Flow Svstem 

The text should have indicated that subcropping claystone is saturated locally References should 
have included the page numbers The data used to detetmine the vertical gradients should have been 
provided within the work plan and must be presented wlthln the Phase 111 RFlpl Report 

In Section 2 2 2 7 it states that there is a strong downward gradlent between groundwater in surficial 
materials and bedrock The specific bedrock unit should have been slated 

RESPONSE 

Subcropping claystone thst locally exhibtts a saturated condition has been added to the llsted surficlal 
and bedrock gedoglc units that are mediums for the unconfined grwnd-water flow system 

The vertical gradient data are presented in Section 2 2 2 1 of the revised Phase 111 RFI/RI Work Plan 

The bedrock unit referenced is sandstone except at 8-87BR, which is completed in lignite and 
unweathered daystone This has been included in the revised Final Phase 111 RFI/RI Work Plan 

0 Secrion 2 2.2 I - Groundwate r Flow Directio ng 

Well 47-87 is north of the Interceptor Ditch Cross section 2-3 does n d  extend far enough south to 
include the south interceptor ditch This does not support conclusions stated in the text Additional&, 
the response to CDH comments (pg 3-2) indicates that the groundwater flow under the Interceptor 
dttch This inconsistency should have been corrected in the work plan and must be resolved prior 
to dramng the Phase 111 RFI/RI Report 

RESPONSE 

The cross section shown in Figure 2-3 in the Phase 111 RFI/RI Work Pian does indude the South 
Interceptor Ditch, located south of well 47-87 The subsurface geology south of well 47-87 is interpolated 
based on the next well along the line A-A', 55-87, which is completed in gravelly sand of the terrace alluvium 
The exact location of the transition from collwium to terrace alluvium is not precisely known The available 
water level data for well 47-87 indicate that ground water Is below the base of the South Interceptor Ditch Thls 
is inferred from extrapolation of the ground-water gradient Under these conditions, ground water would flow 
beneath the base of the South Interceptor Ditch However, during periods of maximum colluvium saturation, 
it is possible for discharge to occur Into the ditch The proposed french drain will intercept the ground water 
before it reaches the South Interceptor Ditch, which eliminates the possibility of potential flow into or beneath 
the ditch 

Fiaures 2 4 .  2-5. 2-6 and 2 -7 

The water-level data show that well 55-87 is dty, yet the 5850 contour intend is illustrated 
downQmdlent of the well The water-level data show that well 47-87 is dry for all four quarters yet 
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groundwater levels are plotted downgradient of the well The figures in the work plan should have 
been corrected to illustrate the actual conditions Well depth information should have been provided 
An explanation for the 5950 contour Intern1 loop around well 51-87 should have been provided These 
inconsistencies must be resolved in the Phase 111 RFIPI Report 

RESPONSE 

The 5850 contour interval has been relocated in the vicinity of well 5587 on Figures 24,24524, and 
2-7 of the revised Final Phase 111 RFI/RI Work Plan 

The elevation of the bottom of monitoring well 47-87 Is 5875 22, which will be !he basis for the 5875 
contour interval This contour interval has been relocated on Figures 2 6  and 2-7 of the rcrvlsed Final Phase 
111 RFI/RI Work Pian 

A table listing well depth and elevation at bottom depth has been presented as Table 2-1 for all listed 
wells in Figure 24, 2-5, 26,  and 2-7 in the revised Final Phase 111 RFI/RI Work Plan 

Well 51-87 is located adjacent to the Building 881 footing drain (Figure 1-7) Water levels are higher 
to the north and south of this well suggesting that the footing drain is effecthrely lowering the water taMe in this 
area The effect is represented by the 5950 contour interval loop around well 51-87 

The information from packer testing along the proposed french drain alignment designed for the 
IM/lRA should have been included in this work plan and must be included in the Phase Ill RFIPI 
Report Data collection was completed several months pr~or to submifral of this Phase Ill RFlfil work 
pian 

RESPONSE 

Tables 242-5 ,  and 2-6 have been included in Section 2 2 2 of the revised Final Phase 111 Work Plan 
which detail all packer test information and results The data were not provided in the Final Phase 111 Work Plan 
because the French Drain Omtechnical investigation Report had not yet been released, and the data were stll 
being evaluated 

&e 2-16 

It is stated here that well 47-87 was normally dry bot some samples were obtained from this well An 
exp/anation for this should have been presented Were these samples collected after preciphtlon 
events? This question must be answered and presented within the Phase Ill RFIPI Report 

RESPONSE 

Well 47-87 is completed in colluvium on the 881 Hillside The saturated thickness of the colluvium 
fluctuates with the seasonal precipitation The dry summer and fall months and the middle of the winter 
months correlate with dry well conditions in the spring months, during snowmelt and Increased precipitation, 
the cdluvium becomes saturated resulting in measurable water levels in this and other wells The auarteriv 

I 
1 a 111 RFI/Ri Report 

measurements, climatic conditions, and sampling procedures for this and all wells will be induded in th;, Pha& 
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a paae7 With resimct to the Woman Creek Aknwm, a twiraulic conductMly value of 1 5 x IO ' cm/s Is equal 
to 1552 khrmt 1035 fihr 

RESPONSE 

The correction has been made in the revised Final Phase 111 RFI/RI Work Plan 

AI1 of the mean hydmulic conductwlly values for the various geologic vnirs should have been included 
in a table for easy reference 

RESPONSE 

Tables 2-3 through 2-6 are presented in Section 2 2 2 of the revised Final Phase 111 RFI/RI Work Plan 
These tables present the mean hydraulic conducttvlty values for all the various geologic units in which 
drawdown recovery tests, slug tests, or packer tests were conducted 

section 2 2 2 2. P@ 2-18. Paraarwh 2 

Hydraulrc ConductMtres should have been provided for the Arapahoe Formation claystone This 
information will be valuable in estimating the capebilify for water franspor? through claptone io the 
underlying sandstone and must be presenfed in the Phase Ill RFIDI Report 

RESPONSE 

Hydraulic conductivities for the Arapahoe Formation daystone have been provided in the revised Final 
Phase 111 RFI/RI Work Plan Tables 2-3 through 2-6 in Section 2 2 2 present the hydraulic conductivity values 
for all geologic units Hydraulic ConduCtMties for daystone were derived from packer test results There are 
no wells completed in the claystone at the 881 Hillside, therefore, no dug tests or drawdown-recovery tests 
have been conducted in the daystone 

section ~~Q 

The section should have been updated to reflect the recent changes due to diversion of the 
drainages Dates for the sudace water measurements were not presented in this sectron nor 
referenced (see response to CDH commenrs pg 3-5) 

RESPONSE 

The sections on surface water hydrology of Woman Creek (Sections 1 3 2 2 and 2 2 3 1) have been 
changed to include the Pond C-2 Diversion and the Broomfield Diversion Canal In the revised Final Phase 111 
RFI/RI Work Plan Dates for the surface water measurements are provided in Section 2 2 3 In the revised Final 
Phase 111 RFi/RI Work Plan 

Rsaponses to U S EPA Comments on tho 
Final Phase 111 RFI/RI Work Ran, 8 8 1  Hillside Area (October 1990) 
eg&g\88l\rt fs\respcom\attch 1 mar 

8 Much 1991 
Altachmsnt 1 0 Pagr 1 11 



section 2.3 1 - 5aclcQround c- 

Can temporal variations In water chemlstty be determined prior to two years If more samples %re 
taken? The text states that vdatlk, organlc compounds were not enakaed for background samples 
because the sample locations are potentially outside of contamlmted arms The response to CDH 
comments (pg 3-5) states that background samples will be collected and analyred for VOCs The 
RFIPI work plan should have mentioned thls In this section Table 2-2 p W e s  Information regarding 
the background surface water tolerance interval upper limlts or m&mum detection values The deta 
Is for Round 1, 7 samples In the previous RI, the data was for Round 1, 9 samples and Round 2, 7 
samples The dmrence should have been explained in the work plan and must be resolved in the 
Phase 111 RFIp I  Report 

RESPONSE 

Temporal variations in water chemistry wUl be presented in the Phase 111 RFI/RI Report Seasonal 
variability would not be better characterized if more samples were taken over a shorter time frame As of first 
quarter 1990, ground-water and surface water samples are being collected in background areas for volatile 
organic compound (VOC) analysis The text has been changed to reflect this addition in the revised Final 
Phase 111 RFI/RI Work Plan The surface water tolerance intervals are for Round 1, 7 samples 

.Table 2-3. P 2-24 

There are dlscrepancles between the units e&gned to background deta In the D M  Background 
Charactermtion Report (DBGCR) and the RFIPI work plan Flrst, inorganic concentrations are given 
in mllligrams per kilogram (mgbg) In the DBGCR for sdls, while the same are given In mllligrams per 
liter (mg/t) In the RIF/RI In eddMon, radlonucllde concentrations ere presented In picocuries per 
gram (pCl/g) in the DBOCR and plcocuries per Mer (pClA) in the RFIflI This should have been 
corrected in the RFIpI work plan showing inorganic data as mgbg end redlonuclide data as pCl/g 
and must be corrected In the Phase Ill RFIflI Report 

RESPONSE 

The unls on both the tables and text have been corrected to mg/kg for inorganic soil data and pCi/g 
for radionucltde soil data in the revised Final Phase 111 RFI/RI Work Plan 

&ae 2-24 

The units on several tables (e g , Table 2-4) seem to be In error Either the water concentrations are 
extraordrnary (e g , 25 g/L of aluminum in Table 24) or the denominator (L) Is incorrect for the 
medium (sorr) 

RESPONSE 

The units for sediment samples have been corrected to mg/kg for sediment and mg/L for water In the 
revised Final Phase 111 RFI/RI Work Plan 

Rssponws to U S EPA Comments on the 
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&tion 2 3 2 - Soil4 

The data should have been presented even though unualidated The valkfation of OU 1 sample results 
should be a pn’ortly as dhe work plan Will need to be amended if unexpected results are present 
Table 2-5 does not include cesium and molybdenum as sampling parameters These pameters 
should have been added to the list 

RESPONSE 

The rejected volatile organic data are summarized and discussed in Section 2 3 2 1 of the work plan 
The data have been presented in prevbus Ri reports and their presentetEon in the work plan does not provide 
any additional basis for the Phase 111 soil sampling plan Phase 111 sampling and analysis/mWatkm WRI provide 
quantitative information on the nature and extent of contamination in d s  at OU No 1 Table 2-13 (fonnetly 
Table 2-5) of the Revised Final Phase 111 RFi/RI Work Pian Is the list of parameters for which Phase I and II RI 
sol samples were analyzed Cesium and molybdenum are included in the Phase 111 RFI/RI Work Plan 
parameter list flaMe 5-1) 

Section 2 3 2 7 - Volatile O m  nic C o m w  

The occurrences of toluene in the borehole samples collected along dhe proposed drain ellgnment 
needs to be addressed The last sentence on page 2-28 contlnwl on page 2-37 Is incomplete and 
should have been corrected Table 2-6 should have included the contaminant encountered for the 
direct hit samples The description in the text shouM have mentioned the direct hit at borehole 63-87 
These issues must be addressed in the Phase Ill RFl/Rl Report 

@ RESPONSE 

The tduene data cdlected during the French Drain Geotechnical lnvestlgatlon are discussed in the 
Revised Final Phase i l l  RFI/RI Work Plan The incomplete sentence has also been corrected The voiatile 
organic compounds detected in soils during the French Drain Geotschnical Investigation are presented in 
Appendix B 

Section 2 3 2. P w  2-24 

A discussion of semwolatlle organic compound (SVOC) soil contarninatlon should have been prwlded 
in this section which addresses analytical results from Phase I and I/ invesmigatlons These 
contaminants will be important to the calculation of risk tit OU 7 

RESPONSE 

A discussion of semivdatUe organic compound results for soils has been added to Section 2 3 2 of the 
revised work plan 

n 

Table 2-7 should have SpecNed the sample depth intervals The moos of U233 + U234 to U238 and 
of U235 to U238 should have been presented in Table 2-8 (see PRC comments, pg 2-3) Is It possible 
to conclude preliminarily that the uranium rahos for samples 7-75 are greater than one when dilution 
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from compositing over seved feet is possibie? Cross sections DO NOT always need to show trends 
but should display the data It is extremely helpful to display the data graphically for evaluation 
purposes This information must be presented wlthln the Phase 111 RFIflI Report 

RESPONSE 

Table 2-17 (formerly Table 2-7) is a summary of Phase I and Phase I1 RI sol sampling results The 
surface soil tabulation Is based on the uppermost SOU sample results from each borehole, and the subsurface 
soll tabulation is based on SOB sampling results from the remainder of all boreholes Sample depths for all 
boreholes are provided in Table 2-13 

The information provided in the work plan is sufficient to establish that radionudide contamination Is 
largely confined to the surface soils This will be confirmed in the Phase 111 RFI/RI where an exhaustive battery 
of tests are proposed to ascertain the extent of radionuclide contamination and the m0blllry of plutonium in 
soils Detailed data evaluation, including cross sections as appropriate, Mi be provided in the Phase 111 RFI/RI 
Report With respect to Table 2-18 (formerly Table 2 4 ,  these samples are not composites but are discrete 
surface samples 

Section 2 3 2.3. P w  244 

No data should be discarded from further consideration 6 by adding the tolerance level (since it Is 
a pius as well as a minus tolerance), the concentration is pushed above applicable or relevant and 
appropriate requirements (ARARs), maxlmum contaminant levels (MCLs), or both As discussed 
earlier, such concentrations may exceed cleanup levels even though they meet ARARs 

The text in Section 2 3 2 3, first paragraph (formerly page 2-38) does not call for discarding any data 
nor does it make reference to A M s  It is simply stated that a& datum where the error term is larger than 
the value is below the MDA and cannot be considered s&tistically dtfferent from background, or as suggested, 
ARARs The MDAs established for the Phase 111 RFi/RI will provide measurements that allow for meaningful 
interpretation of the ske data relative to background or ARARs 

%tion 2 3 3 - Groundwa ter 

Well 1-87 water and contaminant data may also indicate another source of contatninatron and may not 
indicate that the well is sidegradient This must be verified through development of the Phase 111 
RFI/Ri Report Of the three wells listed as being dry during ail sampling atrempts, fwo of the wells, 
5 1-87 and 54-87 are shown to have sample results (see figure 2- 10) Of the 14 wells list& as belng 
downgradient from the 'eastern'SWMUs, well 55-87 is shown to have sample results (see Figure 2- 10) 
The figure should have been consistent wrlh the text and Append& B 

On page 242 it is stated that unweathered bedrock is consklered part of the confined flow system 
A discussion should have been presented to ciar@ why if the bedrock is unweathered that 
groundwater is contained under confined condkions Storage c w c i e n t  values obtained from aquifer 
tests in unweathered bedrock should be used to ver@ confined condkions A discussion of SVOC 
groundwater contamination is not, and should have been, presented in this section which addresses 
analytical results from Phase I and I1 investigations This information must be presented in the Phase 
111 RFiflI Report 
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RESPONSE 

The Final Phase 111 RFI/RI Work Plan states, 'Wdls 1-87 and 68-86 were initially considered upgradient a 
of these IHSSs, but water levi  and chemlcal data suggest that well 187 may be sidearadlent Ground-water 
quality In both of these wells is occesionally above background and may be affected by Plant activities 
upgradrent of the 881 Hillside Additional upgradient wells will be Installed to Investigate that possibUtty " These 
statements were retained in the revised final work plan 

Wells 51-87 and 54-87 were usually dry but enough water was available for sample collection during 
second quarter 1989 This has been noted In the text of the revised Final Phase 111 RFI/RI Work Plan 

The text concerning the 14 wells downgradrent from the "eastern' IHSSs Is IMW Consistent with Figure 
2-10 and Appendbc C 

The statement that the ground water within the unweathered sandstone is confined is based on the 
water level in the well being above the top of the screened interval, and the top of the screen being at the top 
of the water bearing strata 

Ground-water samples were not analyzed for semivolatile organic compounds in the Phase I and II 
sampling events, but the Phase 111 fleld effort will include these analytes Results of the semivolatlle analyses 
will be presented in the Phase 111 RR/RI Report 

Paae 2-49 

Why Were monitorrng W811S 51-87,54-87,58-86,63-88, 44-87,49-87,50-87 and 5587 always dty? This 
should have been aplained at least preliminarily, and may be important to the conceptuel model Was 
the entire thickness of cdluvium dry or were the well screens improper& located? 

RESPONSE 

Well 51 -87 is located adjacent to the Building 881 footing drain (Figure 1-7) and based on the water 
level data from 5187, It appears the footing drain is effectively lowering the water table in the area south of 
Building 881 Wtth respect to the other wells, the entire thickness of the colluvium is dry The wells are 
screened over the entire thickness of the sutflcial materials Many areas of the colluvium and surficial materials 
are observed to be unsaturated based both on the water level data in these wells and the drllling for the French 
Drain Geotechnical Investigation (EG&G, 19818) 

Section 2 3 1 1 - Volatile Oraanic Comoounds 

Unconfined Groundwater The text should have described the TCE end PCE contarninetion at well 
51-87 as shown on Figure 2-9 The toluene occurrences are not minor as the text implies Table 2- 10 
shows toluene present et 270 pg/l for well 43-87 and 81 m-1 for well 9-74 

RESPONSE 

The text in Section 2 3 3 3 of the revised Final Phase 111 RFI/RI Work Plan discusses the occurrence 
of TCE and PCE in well 51-87 The text does not Imply the toluene occurrences are minor It states, 
'Chloroform, toluene, and 1.2dicMoroethene (1,P-DCA) occurred at lower concentrations (estimated) at less I 0 than detection limlt or less than 100 pg/l " The toluene In well 43-87 was estimated below the detectlon limit 
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and also present in the laboratory blank, and the tduene in well 9-74 was also estimated below the detection @ limit 

Table 2-70. Paae 2-4 7 

Units should have been presented for organic data on ths second page in Table 2-101 which lists 
VOCs detected in unconfhed groundwater These data should have been represented in micrograms 

This data and data from borehole samples from the OU 7 IM'M Indicate toluene Contamination The 
remedial lnvestigatron needs to address this Acetone and methylene chloride occur in a slgnNicant 
number of welis in concentrations one to three orders of magnlhrde greater then in blanks Acetone, 
methylene chloride and other possible lab contaminants should presently be considewd as potential 
contaminants The remedial investigation must resolve this issue 

per (m/l) 

The concentration plots for TCE and PCE are useful in evaluating the nature and extent of 
contamination Plots of the other contaminants present should have also been presented in the work 
plan and must be present in the Phase Ill RFI/?I Report 

It is not clear what high matrix noise is (see response to EPA commentsl pg 1-7) and the affect this 
will have on obtaining qualhy data from which characterlzation of conlamination can be accomplished 
Detection limits should not be set so high that low levels of COnaVninatron are masked The response 
should clearly present what is well above low-level contmct-required detection limits d / o r  well 
above CLP-accepted levels for common laboratory contaminants 

Confined Groundwater Data should be graphically displayed and in tabular form for the unconfined 
groundwater conditions The data indicate that a potential for contamination is present In the 
sandstones TCE WBS detected a? concentntions exceeding the Colorado Department of Health &SIC 
Standards for Ground Water (CDHl September 30, 1989) in wlls 3-87 (6 pg/l) and 8-87 (35 m/l) 
Also, carbon tetrachloride greatly exceeded the CDH standard in well 8-87 (130 pg/l) on one 
occasion The conclusion reached in the RFIPI work plan stating that groundwater In the 
unweathered sandstone is not contaminated is premature as the extent of contamlnatlon is not yet 
adequately characterized This question must be answered through implementation of the remedlal 
investigation 

RESPONSE 

The micrograms per liter units are shown on all pages of Table 2-20 (formerly Table 2-10) in the revised 
Final Phase 111 RFi/RI Work Plan 

The Occurrence of tduene in soils based on the French Drain Geotechnkal investigation is discussed 
in detail in the revised Final Phase 111 RFi/Ri Work Pian 

The work plan states, "Levels of methylene chiorkle and acetone were typically low enough to be 
considered laboratory artifact according to CLP protocd (EPA 1988a), although the high levels at wells 9-74 
and 10-74 suggest the actual presence of these compounds in the ground water at these locations " 
implementation of the Final Phase 111 RFI/RI Work Plan will resolve this important issue 

TCE and PCE occur in the highest concentratms in ground water and are also the most ubiquitous 
of all the contaminants at OU No 1 Therefore, TCE and PCE were used to illustrate the estimated extent of 
organic contamination Plots of the other contaminants will be presented In the Phase ill RFI/RI Report 

Results of data validation and evaluation for Phase I and Phase II RI data, as well as ongoing quarterly 
ground-water sampllng data wlli be presented in the Phase 111 RFI/Ri Repolt Detection llmits and analytlcal ' 0 
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methods for the Phase 111 RFI/RI field work are presented in the QAPjP (EG&G, 1990h) and GRRASP (EG&G, 
19901) These detection limits will allow for evaluation of site data with respect to A M s  

The Phase 111 RFI/RI Report MI establish the presence of volatile organic contamination in the confined 
ground-water system based on existing and Phase Iii data All data w#l be displayed in tabular form and 
graphically, as appropriate The work plan simply provides a preliminary interpretation of the exlsting data 

e 

Time versus concentration graphs should have been prepared for all or a select set of wells from all 
geologic units Parameters to be graphed should have incl&eti representative enelytes from each 
of the major groups of antilytes - i e ,  metals, radionuclides, wgmics end *or ions Tempom1 trends 
must be presented and Wlalned in the Phase lil RFIBI Report 

RESPONSE 

Time versus concentration graphs will be presented and explained in the Phase 111 RFI/RI Report 

The conclusion that the groundwater in the unweathered sendstone is not contaminated cannot be 
stated with certainty In llght of the analytical results from well 8-87 The Phase Ill Investigation should 
look more closely at well 8-87 This question must be answered through implementation of the 
remedial invesbgation 

Trilinear diagrams or stM diagrams should have been plotted up for groundwater in each of the 
geologlc units Background data could be used for this Construction of the diagrams would allow 
comparison of groundwater in various geologic units Such a comparison is important in the 
development and presentation of a conceptual model and must be performed during the remedial 
investigation 

RESPONSE 

Additional data are necessary to determine whether the confined ground-water system is contaminated 
More quarterly ground-water samples are being collected from all bedrock wells to further evaluate bedrock 
contamination in that vicinity Trilinear or Stiff diagrams are useful tods in characterizing ground-water quality 
These have been presented in prevlous responses to EPA and CDH comments and MI be presented in the 
Phase 111 RFi/RI Report 

r 

The text describes the maximum concentratrons for major ions but these values are not graphically 
displayed in figures 2- 11 and 2- 12 The figures present second quarter 1989 data for comparative 
purposes with sample data from the background investigation This Indicates the need to perfom, 
trend analyses The figures, as they are presented, are misleading The elevated TDS concentrations 
at well 43-87 are not specifically described in the text (see response to PRC comments, pg 2-5) 
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RESPONSE 

The maximum concentrations of major Ions are not necessarily of greatest utility for presenting the 
extent of contamination The second quarter 1989 data are typical d resuits from previous quarters and were 
therefore used for graphical presentation Trend analysis would be useful and will be performed for the Phase 
111 RFI/RI Report The elevated TDS concentrations observed In well 4387 are discussed in the revised Final 
Phase 111 RFI/RI Work Plan 

section 2.3.3.3 - Summarv of Fxtent of Contam matron 

The conjecture that organic contamination is restricted to a small  are^ around IdMdual Hazardous 
Substance Site (/HSS) 719 7, one of the multiple solvent spil shes, is not supported To the contmryl 
VOC contamination has been detected in wells 0687 and 6486 at 20 parts per billon (m) 
trichloroethene (TCE) and W ppb tetrachloroethene (PCE), respectfvely Wells 06887 and 6486 are 
approximately 150 feet and 700 feet downgdient of IHSS] respecdively In additlonl many of the wells 
downgradient of IHSS 779 1 have been dry during previous sampling events Although dry conditions 
inhibit contaminant migration, the lack of groundwater data fnwn these wells proWes IiNe indication 
of the extent of contaminant iransport in the alluvium downgmdient of IHSS 119 7 No conclusions 
regatding the extent of conramhation from IHSS 179 1 can be made based on the data provided in 
the RFIBl work plan Slugs of contamination could have been reteased per ididly and their 
detection could be missed due to sampling frequency or well location The number of bedrock wells 
is insufficient to determine the vetticai extent of conavnlnation The work plan should have been 
designed to vem these presently unsupportable conclusions and the Phase Ill RFIBI Report must 
resolve these issues 

@ RESPONSE 

PCE has been detected only once in well 64-86 (8J pelt )  it was present below the detection llmtt and 
therefore is an unreliable indicator of contamination The TCE concentration of 20 pg/L In well 0687 is 
considered part of the iocatked volatile organic plume downgradient of IHSS 119 1 The additional allwial and 
bedrock wells proposed in the revised Final Phase 111 RFI/RI Work Plan will help define the extent of saturation 
in surficial and weathered bedrock materials and the nature and extent of the ground-water contamination in 
these materials 

Section 2 3 4 - Surface Water 

The Phase Ill RFIpI Report must reflect the recent diversion structures from pond C-2 Background 
values and the surface water results should have been presented in a table for eveluation and must 
be presented in the Phase Ill RFI/RI Report 

RESPONSE 

The Revised Final Phase 111 RFI/RI Work Pian will indude these diversion structures in the figure and 
discussion on surface water 
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Section 2 3 4 1 - South lntercmtor Ditch 

The contaminants found in suIfBce water should have been compared to those found in the 
groundwater, sediments end soils The Phase Ill RFIflI Report must do this It is important to 
correlate the sample results, If possible, in determining contaminant sources and means of migration 
Results of the borehole samples collected under the IM/IRA should have been presented or 
referenced and must be presented in the Phase 111 RFIflI Report Toluene was detected potentially 
in the IM/RA borehole samples and may be related to that found in the sampie from SW-69 It should 
have been noted at which sample locatrons dissolved gross alpha and beta, uranium and plutonium 
exceeded background This informatron must be presented in the Phase Ill RFIBI Report 

RESPONSE 

It is obvlous without doing a dlrect comparison that many of the contaminants occurring in surface 
water are those found in the ground water or sods at OU No 1 This strongly suggests that groundwater 
recharge or surface water runoff are contaminant transport pathways to surface water Nevertheless, the Phase 
Ill RFI/RI Report will provide a detaiied comparlson of the contaminants found in the surface water to those 
found in the other media The results of the borehole samples from the French Drain Geotechnicel 
Investigation (EG&G, l9Qla) are presented In the revised Final Phase 111 RFI/RI Work Plan The sample 
locations where the radionuclides exceeded background are also presented in the revised work plan 

Section 2.3 5 - Sediments 

The sample locations should have been shown on a map Figure 2- 17 does not show the sediment 
sampling locations (see also response to EPA and CDH comments) The sampling locations must be 
presented in the Phase Ill RFIPI Report Results of sediment sampling should have been compared 
with surface water, groundwater and soil sampling results This must be done in the Phase Ill RFIflI 
Report The question arises once again about whether the low levels of certain volatile organic 
compounds in the samples represent contamination especially if present in blanks Until it can be 
demonstrated that the presence of these contaminants is due to lab contamination, they should be 
considered present Addidonally, not all the volatiles sampled for were in low concentrations 

Background values and sediment results should have been presented in a table This must be done 
in the Phase Ill f?Flpl Report 

RESPONSE 

The surface water and sediment sampling locations are presented on Figures 2-20 and 2-21, 
respectively, in the revised Phase 111 RFI/RI Work Plan The results of sediment sampling will be compared 
with other media in the Phase 111 RFI/RI Report Chloromethane, acetone, chloroform, and TCE will be 
considered as possible contaminants, and further investigation is needed to determine If these constituents are 
site contaminants or laboratory artifacts Section 2 3 3 3 states that for the purposes of defining the field 
sampling plan all constituents above background are consklered representative of contamination 

Background values of sediment are presented in Table 2-10 and sediment results are given in Appendix 
E of the revised Final Phase 111 RFI/RI Work Plan 
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Section 2 3 

The air monitors in the IM/RA construction site should have been added to this section of the work 
plan and included in the location map A map showing the location of the air monitors Is necessary 
and must be presented in the Phase Ill RFI/RI Report 

RESPONSE 

The revised Final Phase 111 RFI/RI Work Plan has been modified to Include a d k -  of the ambient 
air monitoring conducted during the 1990 IM/IRA field activities Figure 2-22 shows the locations of on-slte 
ambient air monttor stations, and Figure 2-23 presents the locations of off-site community amMent air samplers 
in the revlsed Final Phase 111 RFI/RI Work Plan 

Section 2 4 = &I icable or Rel8wnt and r rate R- 

The units for WCs in Table 2- 7 7 should have been Irg/L and not mg/f Detection limb for Cs and 
Li were 1 and 0 7 mg/l end not changed to 7 end 01 mg/l (see EPA comments) There is a 
discrepancy between the lab data 8nd the detection limits (the recoded concentration is less than 
the detection limit and not noted as such) GC is not applicable to metals and inorganics These 
corrections must be made in the Phase Ill RFIPI Report 

Organic concentrations should be represented in pg/f 

' @ RESPONSE 

These comments refer to typographical errors all of which have been corrected In the revised Final 
Phase 111 RFI/RI Work Pian It is noted that the ARARs section has been revised significantly and Is included 
in the revised work plan as Section 7 0 The ARARs discussion is conslstent with that in the Phase I1 Work Plan 
for Operable Unit No 2 Of note, for ground water, the Water Quality Control Commission (WQCC) Ground 
Water Standards are no longer considered ARAR because of thelr unenforceable status at this time Also 
WQCC Surface Water Standards are not considered ARAR for ground water Both of these state standards 
are considered TBC 

&ae 2-72 

This section does not contain a discussion of location-specific or actlomspeclfic ARARs In addition, 
chemrcal-specific ARARs for sol, sediment, and air media ere not @en At a minimum, the RFI'I 
work plan should have stated these additional ARARs will be Mentcfed and reference the submittal (for 
example, the Feasibility Study Report) that will contain the discussion These issues must be resolved 
in the Phase Ill RFIPI Report 

The discussion of RCRA Subpart F concentration limits'as ARARs is unclear The intention apparentiy 
was to identiq the maximum groundwater concentrabons specified in 40 CFR 264 94 as relevant and 
appropriate requirements These are not 'RCRA Subpart F regulations' RCRA Subpart F is an 
inappropriate citation and should not have been used to reference the Code of Federal Regulations 
This must be corrected in the Phase 111 RFlfll Report 
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RESPONSE 

As discussed in Section 7 0. evaluation and establishment of location- and action-specific Af?ARs are 
part of the RI and FS processes, respecttvdy They MI be addressed in the RFl/RI and-CMS/FS reports 
Chemical-specific A M R s  for sols/sedlments are also addressed In Section 7 0 lnvestlgation of the air medium 
is not wlthin the scope of the Phase 111 RFI/RI Work Plan, thus, a discussion of chemical-specffic ARARs for 
air is not included in the work plan It is recognized that there are several federal and state statutes that 
regulate air emissions which will be evaluated during the FS as action-specific ARARs 

The RCRA Subpart F terminology has been modmed as suggested 

m e  2-74 

The ARAR reference should have Included citations Greeter discussion of LOR ARARs was needed 
In addition# DOE should have presented In table format all potential ARARs associated with a 
contaminant (Note Unlike the OU 2 IMpRA Decision Document# the concept of 'potential ARARs' 
& appropriate here since we are only In the RF1,W work plan stage It Is the RI which transforms 
potential ARARs into actual ARARs for use in idenbylng and assessing media l  alternatives) These 
corrections must be made in the Phase 111 RFlfll Report 

The table c h  RCRA Subpart F as the ARAR reference for 1, ldichlotwethaneB methylene chloride, and 
carbon disulfide These consthents are not specifkally cked In 40 CFR 264 94 The RF1,AV work plan 
should have clarffed this reference In addition, land disposal restrictions (LDRs) 818 cited as the 
ARAR reference for acetone A discussion should have been provided regarding LDRs end whether 
they are applicable or relevant and appropriate to the sire These comments must be addressed in 
the Phase Ill RFl/R/ Report 

RESPONSE 

ARAR references have been revised to indude citations where appropriate LDRs are actbn-specific 
ARARs relating to land disposal or 'placement' and will be addressed with other action-specific ARARs in the 
CMS/FS Report "Potential' ARARs induding the 40 CFR Part 264 Subpart F requirements as they apply to the 
above noted compounds and others are explained in detail in Sectton 7 0 

Since the RCRA Groundwater Protection Stendads should be either applicable or relevant and 
appropriate, it is erroneous to class@ background concentrations for cesium and strontium as 7BC ' 
The appropriate RCRA Groundwater Protection Stand& ARAR is either ACL or background However, 
the cleanup requirements establrshed during the RI/FS process is Wogous to the RCRA process 
to determine ACLs and obviates the need to consider background concentrations as the cleanup 
standards Therefore, the sentence classifying background concentration as a 7BC' should have 
been deleted and the following inserted 7he cleanup levels for these contaminants# as with all other 
contaminantsB will be established upon the conclusion of the Baseline Risk Assessment described In 
Section 4 6 1 ' This comment must be addressed in the Phase Ill RFIBI Report 

RES P 0 N S E 

Cesium and strontium are not hazardous constituents under RCRA, and therefore, RCRA is not 1 @ applicable or relevant and appropriate However, background concentrations for these constituents should 
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not be consMered TBC, because they are not health-based With respect to the hazardous constituents for 
which RCRA is ARAR, background concentrations are Mentlfied as TBC as a benchmark for evaluating site 
data, recognizing that the ACL variance provision MI be realized through the conduct of the baseline risk 
assessment 

SeCtiO n 2 5 - S a m ~  lino and Anahds Reau irements for Remedial Altemaftves E m  

Table 2-13 should have Included coagulation and preCipltaUon technologies for Qroundwater and 
sodace water treatment (see PRC comments, pg 2-8) The Phase 111 RFlpl Report must address these 
technologies 

RESPONSE 

Coagulation and precipitation are listed in Table 2-21 (formerly Table 2-12) They were not Identified 
in Table 2-22 (formerly Table 2-13), because there are no special data requirements that need be considered 
In the collection of RFI/RI field investigation data to permit an adequate evaluation of these technologies 
These technologies will be addressed in the Phase 111 CMS/FS Report 

Sectron 3 1 - Phase I and 11 RI Conclus ions 

There is indication that soil contamination Is present at 14-87,61-87 and 63-87 In addition to 1-87,57- 
87 and 58-87 This shouM have been presented and dlscussed end thls Issue must be resolved In 
the Phase Ill RFl/R/ Report 

RESPONSE 

The most notable organic contamination occurs at boreholes BHO1-87, BH57-87 and BH58-87 Much 
lower concentrations (below or near detection limit) were reported for boreholes BH14-87, BH12-87, and BH61- 
87 as discussed in the revised Final Phase 111 RFI/RI Work Plan The Phase ill RFI/RI Report wUI present a 
thorough analysis of all available sol sampling results 

Paae 3-2. Section 3 1. Item 5 

Ground-water recherge also occurs via movement of water from one aquifer or hydrogeologic unit to 
another aquifer or hyldrogeologic unrt The Impact of such recharge must be assessed during the 
remedial investigation 

RESPONSE 

Recharge to bedrock sandstones via leakage through overlying daystones is acknowledged in Section 
3 2 (formerly Section 3 l), item 5, and will be assessed during the RFI/RI 

I 
SWOO n 3.2 - Site-SDec ific Phase 111 RFIBl  Oblectives and 

The slte-specific QAA should have been mentioned In this section !. 
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RESPONSE 

The sitsspecMc QAA is rtow referenced in Section 3 3 (formerly Section 3 2) 

section 3 2. Table 3-1 

The sitewide geologic and geophysics study activities should be tied into hhe Characterize She 
Physcal Features Objective and must be acknowledged In the Phase Ill RFlfl l Report U s e  of the 
Rocky Flats Environmental Petabase System (RFEDS) for data eveluatlon ShOuM have been included 
into the objective of Charactedzing the Nature and Extent of Conftvninetim A QA/W wective should 
have been included Three additional objectives, idenwng IM’RAs for OU 1, Menwng and 
implementing data management procedures, and idenwing upgrades to the alr monitoring system 
should have been included in this section and Section 4 7 3 (see CDH comments, pg 3-70) 

RESPONSE 

The objectives mentioned have been added to Table 3-1 as described with the exception of Identifying 
IM/IRAs for OU No 1 and upgrading the air monitoring system No additional IM/IRAs are planned for OU 
No 1, and additional monltorlng stations are not consMered necessary for OU No 1 

&gg 3-4, Table 3-1 

Phase Ill R F l p i  objectives should have included the development of a conceptud hvdrogeologic 
model for the area around Hillside 881 (not a numerical model) This should have included a 
subsurface geologic model and a hydrologic model These objectives must be achieved end 
presented in the Phase Ill RF/flI Report 

RESPONSE 

Verffication of the hydrogeologic site conceptual model for OU No 1 presented In Section 2 4 is now 
included as an objective of the Phase Ill RFI/RI (Table 3-1) Results of this effort will be included In the Phase 
111 RFI/RI Report 

Preiiminary plume maps for contaminants of concern should have been prepared in the vicinliy of all 
IHSSs Considerafion should have been given to fate and trensport modeling VerMied plume maps 
must be presented in the Phase 111 RFlflI Report 

RESPONSE 

Preliminary plume maps for OU No 1 are presented in Section 2 0 of the revised Final Phase 111 RFI/RI 
Work Plan Verified plume maps wll be presented in the Phase 111 RFI/RI Report 
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Section 4 1 1 - Task 1 Prorect Planninq 

The site-specific QAA shouM have been referenced The site-specific Health and safety Plan and the 
Standad Operating Procedure Amendments should have been submlltd as appropriate The QMjP 
and the SOPs (which together we the Sampling and Analysis Plan or SAP) submttted by DOE were 
reviewed by the regulatoty agencies Those comments shouM have been reviewed in conjunctron 
with activifies for the OU 1 RFI’I A major concern is that the SAP deferred the details to the site- 
specific plans and the GRRASP end the Site-speciflc plms and the GRRASP have not been submked 
The GRRASP is referenced in this document as are the Site-WMe SOPs for defining the andytical 
scope of work The GRRASP should have been submitted for review or the QApiP ShOuM have been 
revised to include the pemnent information of the GRRASP This issue must be msolved prior to 
approval of this work plan 

RESPONSE 

Section 4 1 1 now references the QAA The GRRASP has now been submltted to the regulatory 
agencies 

&tion 4 1 2  - Task 2 Communifv Relations 

Site-specific communiiy relations plans are not required for su6mittal The interim community relations 
plan is supposed to cover community relation activites until the final Communyl Relalions Plan is 
completed The Interim Plan was not implemented in November 1990 

RESPONSE a 
A draft Community Relations Plan was submitted to EPA and CDH in November 1990 and is scheduled 

for finalization in August 1991 The draft Interim Community Relations Plan was implemented In January 1991 
Section 4 1 2 has been updated to reflect the new schedule for community relations plans 

Section 4 15  - Task 5 Data Eva luation 

The RFEDS database should have been specifically referenced and the methods of evaluation should 
have been explained This information must be provided within the Phase 111 RFifll Report 

RESPONSE 

The RFEDS is now referenced in Section 4 1 5 Data evaluation methods will be provided in the Phase 
ill RFI/RI Report 

Section 4 1 5  1 - Site Charact- 

The site-wide geology and geophysics studies should have been referenced and must be utilized In 
developing the Phase Ill RFI/RI Report 

Responses to U S EPA Comments on the 
Rnal Phase 111 RFI/RI Work Plan, 881 Hillaude Area (October 1990) 
og&g\881 \ri-fs\respcom\at!eh-l mar 

8 Much 1991 
Attachment 1 0  Paoe 1 24 



RES P 0 N S E 

Site-wde geologic and geophysical study results wlll be used in developing the Phase 111 RFI/RI Report 
Section 4 1 5 1 has been modified accordingly 

a 

The analytical data from the source boreholes must also be used to detetmine rjsk information 
important to development of the Phase Ill R f lp l  Report 

RES P 0 N S E 

Section 4 1 5 2 now notes that on-site contaminant concentrations will be used as Input to the risk 
assessment 

section 4 15.3 - N@ure @ EXtentofCo n ta min aion t 

The extent of contamination should also have been depicted in cross sectlons This must be 
presented in the Phase Ill RFIPI Report The technique of principal component analysis for identming 
the releases from different sources should have been explained, and must be eurpleined in the Phase 
Ill RFIBI Report Hydrogeologic information data along wlth the chemical data should have been 
used to investigate the movement of contaminants from one pathway to another This must be 
evaluated in the Phase Ill RFIBI Report Nature and extent of contamination via the air pathway 
should have also been addressed and must also be evaluated in the Phase Ill RFIPI Report 

RESPONSE 

The extent of contaminants in subsurface soils will be presented in cross section In the Phase 111 RFI/RI 
Report The technique of principle component analysis will be explained in the Phase 111 RFI/RI report If the 
technique is used in data evaluation during the RFI/RI Hydrogeologic and chemical data for ground water 
and surface water will be used to evaluate movement from one pathway to another The nature and extent 
of contamination via the air pathway will be addressed by the Phase 111 RFI/RI Report 

Using kriging to contour Isopleths generally does 
the meny limitations of kriging 

produce accurate plume maps Be awre of 

RESPONSE 

The limitations of kriging are understood and acknowledged in Revision 1 of the Final Phase 111 RFI/RI 
Work Plan 

Section 4 1 6 - Task 6 Base line Risk Assess ment. Pgae 4-7 

The Endangerment Assessment Handbook has been superseded and should no longer be used 
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RESPONSE 

The Endangerment Assessment Handbook has been superseded by the Risk Assessment Guidance 
for Superfund, Human Health Evaluation Manual, Part A (EPA, 1989a) and the Risk Assessment GuMance for 
Supeffund-Environmental Evaluation Manual (EPA, 1989d) Section 4 16 has been revised to reflect this 
change 

sectio n 4 1 6  1 Contam inant I d e M i w  

The text states all chemicals detected above background concentrations will be treated as she 
contaminants for the public health evaluation The method for determining 'above background' should 
have been discussed and must be discussed in the context of the Phase Ill RFIPI Report 

RESPONSE 

Determination that a chemical is above background is discussed in Section 2 3 1 This section is now 
referenced in Section 4 1 6 1 It is further noted in the text that this 'identification of contaminants' will be 
based on the latest Background Geochemical Characterization Report available when the Phase 111 RFI/RI 
R e m  Is being prepared 

1 Pub i Ith n in i i  

As stated in EPA's previous comments (see pg 1-12), chemicals must not be eliminated from f u m r  
consideration uno1 the exposure assessment phase of the baseline risk assessment is completed 
Comparison of site contaminants to ARARs and toxicological summaries is very important (see 
response to CDH comments, pg 3-12) It is also necessary to attempt to evaluate the data in terms 
of synergistic effects and evaluate the data in terms of additive effects Therefore, prior to dropping 
a chemical from further consideration, the toxological, synerglstic and additive effects must be 
investigated This investigation and the results thereof must be presented in the Phase Ill RFI/RI 
Report 

RESPONSE 

In the response to previous comments (pg 1-12), it was agreed to not eliminate a chemical from further 
consideration until the exposure assessment is completed It is not practical to consider additive or synergistic 
effects of chemicals that are determined to not be sRe contaminants or for whkh there is no potential for 
exposure On the contrary, additive and synergistic effects will be qualltatively discussed in the baseline risk 
assessment for all contaminants retained after screening 

Exposure pathways presented in the work plan should have included evaluation of transfer of 
contaminants from one medium to another Onsite workers are receptors who should be considered 
These factors must be evaluated in the context of the Phase Ill RFI/RI Report 

RESPONSE 

Cross transfer of contaminants from one medium to another is considered In the site conceptual model 
presented in Section 2 4 of the revised Final Phase 111 RFI/RI Work Plan On-site workers will be considered 
potential receptors 0 
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Joxlcitv Assessme nt Paae 4-11 

The term 'cancer potency factor' has been replaced by the term 'slope factor' in all superfund 
gurdance 

RESPONSE 

The terminology has been changed In the revised Final Phase 111 RFI/RI Work Plan 

Section~~4 I 6 2 - Fnvironmental €&&on 

The Guidance for Data Useabilh'y in Risk Assessment (EPA/!j40/GW/i708) should heve been used for 
guidance in planning the environmental evaluation The discussion of fhe biological fleM sutveys is 
not consistent with the program described in Section 6 This discussion should have reflected the 
actual mformation to be obtained from that program The upper reaches of Woman Creek that Wll be 
used as a reference area for comparison with site results should have been defined This area must 
be upgradient from all known sites of contamination and must not be affected 6y wind-blown 
contaminants These issues must be 
addressed in order to dewelop the Phrase Ill RH/?/ Report 

The taKt repeats a paragraph on pages 4-13 and 4-14 

RES P 0 N S E 

The above cited reference was used in the planning of the environmental evaluation although not 
explicitly stated The document is now referenced in Section 6 0 of the revised Final Phase 111 RFI/RI Work 
Pian The text in Section 4 1 6 2 has also been revised so that the discussion is general and therefore 
consistent with Section 6 0 Section 6 0 discusses the use of Rock Creek 88 a reference area because of Its 
upwind location relative to the prevailing air patterns The reference to Woman Creek has been deleted from 
Section 4 1 6 2 The "repeated" paragraph has been deleted in the revised text 

0 

Secdo n 4 1 7 - Task 7 Treagtgilliv &,@ iesPilot Testina 

€PA comments, which will be submltted December 20, 1990, regatding the Treatability Study Plan 
(TSP) should be considered The TSP submitted did not provide comprehenswe plans for treatability 
studies and did not provide information regarding innovatwe technologies The treatability actMNes 
related to OU 1 need not be delayed to awart the results of the sitswide treatabildy studies Table 4-2 
should have identrfred technologies for groundwater and surfece water remedid evaluation 

RESPONSE 

Section 4 1 7 has been revised to address the following planning and implementation of treatabillty 
studies specific to OU No 1, revlew of treatability studies performed for other operable unb and/or interim 
remedial actions, Rocky Flats Plant involvement with the DOE integrated demonstration studies, and Rocky 
Flats Plant involvement with the Superfund innovative Technology Evaluation (SITE) Program Table 4-2 has 
been deleted in that specific plans will be prepared for treatability studies which will be submitted to the 
regulatory agencies for revw 

' 0  
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SeCtIOn 4 1 8  - Task 8 Remedial lnve&&itio n Rema 

The Phase Ill RFlflI Report must contain graphical representatiOns of data ( le  , cross sections) 
Trend analyses must also be provided 

RESPONSE 

The Phase 111 RFI/RI Report will contain graphical data representaths and the results d trend analyses 

5ma 
The Phase Ill RFl/RI Report must also include the following 

Identification of ARARs (chemical-specific and action-specific) 

- Identification of remediaoon goals (i e I the goal is not to meet only the ARARs, but also 
the risk assessment levels) 

A discussion of these activltles should have been included in the work plan 

The Phase Ill RFlfl l Report must contain a thorough discussion of the bedrock geology and an 
evaluation of contamination within the bedrock 

0 RESPONSE 

The Phase 111 RFI/RI Report will include an identification of chemical- and locetrOn-specMc ARARs as 
well as a detailed hydrogeological and chemical characterization of bedrock geology The Phase 111 CMS/FS 
report wlll include an identification of remedlation goals and action-spectfic A M s  Section 4 1 8 and other 
appropriate sections have been modified in the revised Flnal Phase 111 RFI/RI Work Plan to reflect this 
comment 

Secbo n 4 2 7 - Task 9 Remedial Mernatives De veloDment and Sc reenulQ 

Land ban requirements must also be met during the cleanup process 

RESPONSE 

Land ban is an action-specific ARAR that will be addressed in the Phase 111 CMS/FS report for all 
remedial altematlves involving disposal or placement 

Section 4 2 3. Paae 624 

The Feasibility Study must 1) summarize ARARs identired In the RI, 2) discuss the remediatlon goals, 
and 3) identw action- and location-speck ARARs that bear on the alternatives analpzed in the FS 
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RESPONSE 

Table 4-2 (formerly Table 4-3) laas been modified accordingly in the revised Final Phase 111 RFI/RI Work 
Plan 

tion 5 - Phase I II RFI/R I Field Sam- Plan 

The field operations are presented in the Site-Wide Sampling and Analysis Plan which Includes the 
QAPIF and the SOPs The SAP refers to site-specific qual& assurance plans and SOPS which should 
have been presented here and not referred to the 1988 Operational Safely AndYsls document This 
paragraph states that precautions may include the containerization of drill cuttings and/orgroundw3ter 
removed during RF1,LRl field activifies Containerization of collected groundwater end drill cuttings Is 
not optional, but must follow the approved SOPs 

RESPONSE 

The site-speck QAA is provtded with the revised Final Phase 111 RFI/RI Work Plan ContainerizatiOn 
of collected ground water and drill cuttings wUI follow approved SOPs 

Section 5 I - Source Charac t e r i m  

The SOP (1990) deferred site-specific information to the work plans The individual OU 1 work plan 
is referencing the SOP The sitespecific information should have been added if it dHfers from the 
SOPs In new boreholes and wells where contamination is found, additional drilling Will be necessary 
to determine the vertical extent of the contamination For example, if contamination is found in the 
sutticial deposits, additional characterization will be necessary to determine if the contamination has 
progressed farther down Bedrock wells must be installed where borehole sampling indicates 
bedrock is contaminated (see €PA comments, pg 1-14) These issues must be resolved to develop 
an acceptable Phase Ill RFI/RI Report 

RES P 0 N S E 

Drilling and sampling procedures which deviate from the SOPs are presented in the revised Final Phase 
111 RFI/RI Work Plan Bedrock wells Will be installed where subcropping sandstones are encountered 

s --l n 5 I 1 3 -  Li WM f 1 

A monitoring well will need to be rnstelled if samples from the boreholes indicate contamination /f 
contamination is found, the remedial investigation wi/l need to fully characterize ir 

RESPONSE 

The proposed boreholes are designed to fully characterize IHSS 104 
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5.1.1 4 - Out-ofse/vce Fuel Oi I Tanks I IHSS E(6s 105. 1 & 105 21 
This should have been clarified Remedial alternatives regarding the underground storage tank 
removal should be addressed in the FS 

RESPONSE 

Remedial alternatives to be considered for IHSSs 105 1 and 105 2 during the FS wHI include tank 
removal and remediation of soils and ground water as appropriate 

R f  1 7  

Monitoring well MW17 may need to be moved slightly southward to detect grwmhvatef flowing from 
under the skimming pond Groundwater level data will need to be evaluated more precisely to 
determine the best locatlon for MW17 

RESPONSE 

In the revised Final Phase 111 RFI/RI Work Pian, the proposed location of Mw17 has been moved slightly 
to the south as suggested (see Plate 1, Proposed Borehole and Monitor Well Locations) 

Section 5 1 1 7 - Multiole Solvent Soil1 Sites ( IH SS Ref N os 1 1 1  9 and 1 19 21 

Proposed well Mw23 is not located downgradient of IHSS 119 2 as stated in the response to CDH 
comments (pg 3-14) Well MW29 will monitor groundwater flowing under lHSS 119 1 and not 119 2 
as stated in the response to CDH comments (ps 3-14) The potentiometric surface data should be 
used to locate well MW25 so that it is downgradient from well 43-87 as contaminants were detected 
in this well Soil contaminatton is indicated at BH15-87 and possibly BH61-87 which require follow-up 
investigation of soil and groundwater These issues must be addressed in order to present an 
acceptable Phase 111 RFIPI Repotl 

RESPONSE 

The response to comments was in error The three monitoring wells downgradient of IHSS 119 2 are 
MW12, MW13, and MW32 

In the revised Final Phase 111 RFI/RI Work Plan, the proposed location of MW24 has been moved slightly 
west to a location more directly south of existing well 43-87 

No volatile or semi-vdatile compounds have been detected in concentratlons above the established 
detection limits for borehole BH61-87 samples The low concentratlons of compounds that were detected do 
not provMe conclusive evidence that this area is contaminated The existing and proposed boreholes and 
monitor wells within and downgradient of IHSS 119 2 should provide adequate data for characterizing that 
source area Samples from borehde BH15-87 are similar except for one volatile (acetone) and three semi- 
volatile compounds (phenanthrene, fluoranthene, Ms(2-ethythexyI)phthalate) that were detected In 
concentrations above the established detection iimits There are potential problems assodated with acetone 
and phthalate analyses (discussed in Section 2 3 2 1 of the work plan) that indicate these results may be 
artifacts of sampling or analytical procedures The phenanthrene and fluoranthene concentrations are very 
close to the established detection limits Because BH15-87 (and BH6187) are not wlthln defined iHSS 
boundaries, it is unlikely the soils In these areas are contaminated If results from the proposed Phase 111 

I 

' (. 
Responses to U S EPA Comments on the 
Final Phase 111 RFI/RI Work Plan, 881  Htllwde Area (October lm) 
eg&g\Wl\rr fs\respcom\attch 1 mar I 

8 March 1991 
Attachment 10 Page 1-30 



borehdes indicate contarnination with these compounds, it will be consetvatively assumed that this 
contamination extends to these borehdes @ 

*a! 1- & I  R N  

The work plan should have stated the need for careful sampling at this I U S  (see €PA comments, pg 
1-15) 

RESPONSE 

Careful sampling will be performed at all sites during the RFI/RI as deflned in the QAPJP, QAA, and the 
SOPS 

**$ i il m I 

Procedures should have been identified and not referred to the GRRASP as the GRRASP was not 
provided for review with the Sampling and Analysis Plan Therefore, it is not certain what the 
procedures are The procedures should be those defined in the Sampling and Analysls Plan and the 
site-specific plan €PA comments on the SAP apply to this document as well This issue must be 
resolved prior to approval of this work plan 

RESPONSE 

The GRRASP has now been provided to the regulatory agencies for review 

Section 5 1.2 2 - Soil Slanks 

The investigation of sample contamination should be ongoing in order to get 9ualIty data for 
evaluation This issue could precipitate conservative decisions later on in the declsion-making 
process for OU 1 In order to prevent this, DOE must address this issue and resolve it during the 
Phase Ili RFIflI 

RESPONSE 

DOE fully intends to address sample contamination in order to provide the highest qualky data, and 
to avoid unnecessary conservative assumptions regarding contamination 

act ion 5 2 1 1 - Monitor We1 I Locat ions 

The location of well MW20 Is not downgradrent of the ma]orlfy of SWMU 130 (see response to €PA 
comments, pg 1- 1) An additional well, located between Mw34 and MW35 and near well 5587, in the 
Woman Creek Valley Fill is necessaty for the characterization described in the section This location 
is downgradient from IHSSs 130 and 110 1 (see potentiometric surface map) 7’he seismic study 
shouM have been referenced in this section as stated in response to CDH comments (pg 3-15) 
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RESPONSE 

MW 26 is proposed downgradient of SWMU 130 Well MW37 has been added in Woman Creek Valley 
fill alluvium as suggested At the time the draft Phase 111 RFI/RI work plan was prepared, conduct of a seismic 
reflection study at OU No 1 was under discussion, and the work plan was to indicate reference to the study 
for locating bedrock wells However, it has been determined that a seismic reflection study will not be 
conducted at OU No 1 Nevertheless, the shallow bedrock characterization plan is comprehensive in that 
bedrock wells will be installed adjacent to alluv&l w e l l s ~ m  where sandstone Is encountered, as 
stated in the work plan 

s g  i f r  - r -& 

The sample and analyses procedures used must be those descriW in the eppraved site-wide SOPs 
If RddItlonS or changes to the SOPs are necessary for this work plan, then these hams should have 
been addressed specifically The SOPs should have been reiemced here (with page numbers) It 
IS not necessary to describe the SOP procedures In this section 

RESPONSE 

Ground-water sampling will follow approved site-wlde SOPs 

Sectron 5.2 1.3 - M r a u  lie T m  

An explanatron of how the pumping tests In Woman Creek Alluvium will provide the necessary 
information to determine hpdeulic conductivm/ for all the geologic materials in the 887  Hillslde aree 
should have been presented within the work plan (see CDH comments, pg 3-15) The work plan 
should have explained the selection of locations for the three pumping wells located in Figure 5 2  
This discussion is necessary within the taxt of the Phase Ill RFI/RI Report 

RESPONSE 

Pumping tests In Woman Creek Alluvium will only characterize valley RII alluvium along Woman Creek 
Because of the limited saturated thicknesses or low hydraulic conductMty of other materials at the 881 Hillside, 
pumping tests are not feasible Drawdown-recovery or slug tests will be used to evaluate the hydraulic 
conductivity of other geologic mat&als at the 881 HillsMe Area Areas expected to have the greatest extent 
of saturated alluvium along Woman Creek were chosen as test locations This note has been added to the 
revised Final Phase 111 RFI/RI Work Plan 

‘ a  

It is stated here that the hydraulic conductivity and effectb porosity of the Woman Creek Allwium are 
known to estimated accuracies of a factor of three and thet dispersivlty is known to an estimated 
accuracy of an order of magnttude This should have been explained W i n  the work plan, including 
an explanation of how these accuracies were determlned This informarion must be substantiated and 
presented in the Phase 111 RFIfli Report The hydraulic conducthdty value derked from Phase I and 
I/ for Women Creek (I x loJ cm/s) seems low based on the lithologic description of the Alluvium 
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RESPONSE 

Current estimates of hydraulic conductkky, effecthre porosity, and dispersivky for the Woman Creek 
alluvium will be presented in the Phase 111 RFI/RI Report 

0 

An explanation of why multiple well aquifer tests are planned only for the Woman Creek Alluvium 
should have been provided EPA recommends multiple well aquifer tests for the cdluvium, the Rocky 
Flats alluvium and the Arapahoe Formabon 

RESPONSE 

Because of the limited saturated thickness or low hydraulic conductMty of other materials at the 881 
Hillside, pumping tests are not feasible Drawdown-recovery or slug tests will be used to evaluate the hydraulic 
conductivity of other units 

Section 5 2 2 1 - Surface Water and Sed iments - SamD le Lo- 

The sediment sample locations should have been shown in Figure 2-17 (see response to EPA 
comment, pg 1- 17) 

RESPONSE 

Sediment sampling locations are presented in Figure 2-21 of the revised Final Phase 111 RFI/RI Work 
Plan 

Section 5 2 3 - Surficiai Soils 

Approved procedures in the Plan for the Prevention of Contaminant Dispersion must be employed 
during the surface and subsurface sampling Surface scrape locations 1, 2, 3, 6, 10, 11, 12, 13, 16, 
17, 18 and 19 (Table 2-8) all indicate elevated uranium and plutonium This signifies the need to 
collect samples on a denser grid, and in, and adiacent to IHSSs, more than proposed in the work 
plan The lack of this information may force DOE to make consmtive ]udgments regarding 
contamination which may overestimate the actual risk 

RESPONSE 

Additional plans for sutficial SOU sampling for radionudides are presented in Section 5 2 3 of the revised 
Final Phase 111 RFI/RI Work Plan 

C A e t i q n  t t n  m i 

Hydrogeologic information was obtained through packer testing The locations of the SIX boreholes 
not along the 700-foot centers should have been identlfed in the work plan and must be presented 
in the Phase ili RFlfl i Report Piezometers should also be located west of the recwery well location 
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The method of sampling along the influent/Mluent pipeline alignment for the IM/M results in 
compositrng over Sfoot intends This will cause signlflcant dilution of potential contaminants and 
potentially non-representative samples The crlterla for choosing the discrete VOC soil sample should 
have been provided with the work plan The methods descrlbed do not indicate that they are 
adequate to determine the appropriate health and safetyprotocol This information must be presented 
in the Phase Ill RFl’I Report 

Results of the packer tests and sample analyses should have been provided and summarized wlthin 
the work plan and must be presented within the Phase 111 RFI’I Report 

RESPONSE 

The locations of the sk boreholes that are off-set to the french drain alignment boreholes are identifled 
and referenced in the revised Final Phase 111 RFI/Ri Work Pian (8303790-8304290) These sk boreholes are 
also included in Figure 2-2 of the revised Final Phase lii RFl/RI Work Plan 

One piezometer will be installed east and one west of well 9-74 This is induded in the revised Final 
Phase 111 RFI/Ri Work Plan, and the location is presented on Plate 1 

A Moss sampler retrieved soils in two-foot intervals at 0-2 foot and 2-4 foot depths Because gravels 
drastically reduced the volume and quantity of a retrieved sample, an additional sample at 4 4  foot would be 
retrieved if gravels were encountered in the 2-4 foot interval A discrete soil sample for VOC analysis from the 
2-4 foot or 4 6  foot interval was obtained using a 2-1 /2 inch stainless steel sleeve inserted and secured directly 
at the tip of the Moss sampler The sample was submitted for VOCs, the remaining material was composited 
with the 0-2 foot or 2-4 foot material and submitted for the other analytes 

The analyticai results of the soil samples will be used to determine the appropriate health and safety 
protocol for pipeline construction and the sol characterization for proper disposal of excavated soils 

I 

The resuits of the packer tests are provMed as Tables 2-3 through 2-6 in Section 2 2 2 of the revised 
Final Phase 111 RFI/RI Work Pian 

section 6 1 - lntroducto n 

There is no reason to exclude contaminants because of lack of specific data on ecological impacts 
At worst, structure acH\IJlv re lationsh& known toxicity in non-met s a  and/or bask 
physlcal/chemcal properties provrde a basis for qualitative discussion of potentlal ecologic impact 
Further, although the RFiDl should not be a basrc research project In h e &  DOE efforts as a whole 
need to be cognizant of information gaps so that research funds can be allocated appropriately Thus, 
identification of potential, but poorly studied, contaminants could be slgn/ficant outslde of the Region 
Vi11 Supedund process 

RESPONSE 

The sentence that states ‘determination of ecological impacts will be limited to contaminants whose 
effects on biota are adequately documented in the scientific literature’ has been deleted in the revised Final 
Phase 111 RFI/RI Work Plan The statement is inconsistent with the environmental evaluation as proposed 
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sectro n612-881Hi l  /&#e Co n m  

Toluene also seems to be a contaminant present in soil as Indicated by sample results from the 
IM/RA french drain alignment actMties Other possible contwnlntints in sol1 are 2-butanone, pyrenes 
and benzenes The ecological hazard to biota caused by lnhaleffon of plutonium should be reviewed 
in adddon to the heuud caused by ingestion (see pg 6-5) The text states plutonium is not 
considered an ecological hazard to biota 'unless extremely high levels [ > 1 microcurie per square 
meter (Cifl)] occur ' It is not clear whether microcurie (&I) or millicurie (mCI) are meant The 
report that this statement was taken from is identified, but the basis for the sfatement is not The 
assessment of impacts in the RFl/RI work plan should have discussed the raffonale behind the 
determination of liltle effect related to a possible constituent of Rocky Flats solls responsible for a 
great deal of public concern This positron must be jusMed within the context of the Phase 111 RFIPI 
Report 

RESPONSE 

Toluene, 2-butanone, pyrenes and benzenes have been added to the list of possible contaminants 
Statements in the text and previous studies that were performed do not rule out inhalation of plutonium as an 
exposure pathway 'Micro' has been changed to 'milli" as noted The text In this section now states that the 
conclusions drawn regarding the ecological effects of plutonium are based on biological measurements and 
pathological data for Rocky flats Plant sites and ecologically similar 'control' areas 

sectio n 6 7 3 - Protected W ildllfe. V w t a  tion and Habi- 

Vegetation 
evaluation within the work plan and must be conskiered during the Phase 111 RFl/Rl 

The ten federally-listed or proposed plant species should have been listed in the 

RESPONSE 

l The ten federaliy-listed or proposed piant species were not listed because, as mentioned In the text, 
they are not known or expected to occur at the site If they do not occur at the site, they wll not be 
considered in the Phase 111 RFI/RI Report 

act ion 6 1 4  - Scooe o f Work 

The natural resources are not ARARs ARARs are used along with risk levels to detetmine levels of 
cleanup to meet prorecffveness standards 

RESPONSE 

Natural resources are not ARARs The sentence was poorly worded and has been modified to Mentlfy 
the federal and Colorado laws as ARARs, as orlginally intended 

Section 6 2 1 - Preiiminarv P lanninp 

The plans should have taken into account the schedules for OU 1 actMtles (ffF/I/RI and IM'RA) as 
presented in the IAG to meet the needs of the investrgations The determination as to what constitutes 
a statistically signlrcant ddference in the biological response between tissue samples is not identified 
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in the QAPjP The environmental evaluation section is missing in the QApiP This issue must be 
rectified prior to approval of this work plan 

RESPONSE 

The plans were written in full recognition of the schedules for the OU No 1 actMties The QAPjP will 
be modifled to include an environmental evaluation section that, among other details, will address determination 
of statistically significant dtfferences In biological responses between tissue samples 

Section 6.2 3. - mrt Docu mentatioa 

The field sampling plan must be consistent with hhet provlded for the Slte-WMe SAP If specifc 
conditions exist for OU No 1, then these should have been MenwIed ProcedureJ: thet will be used 
generally shouM be presented in the SAP This problem must be resokl prior to approval of this 
work plan 

RESPONSE 

The Site-Wide SAP has been updated to include Standard Operating Procedures (SOPs) for conduct 
of the environmental evaluation 

Section 6 2 4 - Review of Emstina Information 

Any information generated from the RFlpl and iM/lR4 studies should have been reviewed 

RESPONSE 

All relevant information pertinent to OU No 1 was reviewed The two previous RI reports and the 
IM/IRA plan have been listed in Section 6 2 4 of the revised Final Phase 111 RFI/RI Work Plan 

Sectron 6 3 - Field lnvestiq&&! 

Sediment informatron must be collected per requirements listed on page 6-9 The SOPs related to the 
particular field activity should have been identified 

RESPONSE 

Section 6 3 2 has been modMed to include a discussion of past and proposed sediment sampling The 
proposed sediment sampling includes analysis for grain size distribution and organic carbon, and physical 
characterization Reference to the SOPs is made in the opening paragraph of Section 6 1 in the revised work 
plan 
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&tion 6.3 2 - SOII~ 

The chemical~rol~ic/geologlc model for the 881 Hillside is not well defined at this time The 
Phase Ill investigation must provide the additional information necessaty to develop an overall 
conceptual model 

RESPONSE 

A draft site conceptual model for OU No 1 has been prepared and is presented in Section 2 4 of the 
revised Final Phase 111 RFI/RI Work Plan A major focus for the Phase 111 RFI/RI Is better characterization of 
the site contaminant distribution and migration pathways 

on 6 3.4 - Grou- 

The hydrogeologic information and laboratoty analytical results from the Phase I// investigation 
program are an integral part of the environmental assessment end must be included The remedial 
rnvestigatron must evaluate the effects of contaminated ground-water regardless of the depth 

RESPONSE 

The comment seems to refer to the term "shallow ground water' used in the text "Shallow" has been 
deleted from the text, but it must be recognized that the focus of the ground-water investigation is 
characterization of the upper hydrostratigraphic unit (includes weathered bedrock) Existing wells in the lower 
hydrostratigraphic unit (unweathered sandstone) wlll continue to be monitored on a quarterly basis to provide 
a definitive basts for concluding that this "deep" ground water Is not contaminated 

The work plan states that the cdteria will be determined for the selection of key species The cdterla 
should have been identmed in the work plan At the very least, the method for detminlng the crlterla 
should have been mentioned The work plan should have identified any protected Species This issue 
must be addressed and justification presented within the Phase Ill RFIAI Work Plan 

RESPONSE 

There are currently no known protected species or babitats near the 88 Hillside Area Criteria for 
(EPA, 1W) and selecting key species are specified in Ecdw ical Assessment of H m u s  Waste 

include 

Species of sufficient number to permit statistically significant comparisons wlthin and outside 
the site 

0 Species of importance in the food web at the site 

e Species which are susceptible to the contaminants of concern 

Species which can be compared to an unaffected reference area 

I. 
Species of economic value 
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e Species of social value (endangered, aesthetically valued, etc ) 

e Species of broad applicability to other studied sites 

Section 6 3.5 2 - W!ldlife 

The text idenrifles benthic macroinvertebrates as probabty amisting as soft bottom communities in 
Woman Creek and Pond C-2 The reason for the apparent elimination of harder-boftom communidles 
in Woman Creek is unclear, especially because the later inclusion of Swtw sampling methods 
indicates findrng something other than soft bottom habitats (Mile hebitets discussed page 6-40) The 
discussion should have been written to concur with the rest of the section, 01 rhe rest of the secffon 
qualified for the unlikelihood of finding aquatic habltat other than those related to soft bottoms Ct 
should be noted lhat i f  the stream bottom is in kct  made up only of sdt sediments, the plan to welk 
through It whlle electroshocking will probebly make the water too hrrbld to see any stunned flsh lf 
this is the case, an aItemadve method should have been proposed This issue must be resolved Mor 
to conducting the environmental evaluation field work so as to prevent a problem W i n  the Phase 111 
RFIfiI Report 

RESPONSE 

The text of Section 6 3 5 2  has been modified to address both soft and hard bottom benthic 
macroinvertebrates as both types of benthic organisms will be present in the Woman Creek sediments 
depending on the reach investigated Section 6 8 4 4, as pointed out by the commenter, presents methods 
for collection of hard and soft bottom benthic organisms A SOP will be prepared for each method In amas 
characterized by soft bottoms, the stream wkJth is such that electroahocking can be performed by standing 
adjacent to the stream to avdd stirring up the sediment 0 

The chemical list used in the evaluation must be comprehensive 

' a  

RESPONSE 

The development of a list of contaminants of concern using EPA methodology will not compromise the 
quality of the environmental evaluation The chemical list will be comprehensive 

section 6 5 2  - ToxicEtv r estq 

The text states in-situ methods of t m c q  testing involve the exposure of 'animals in the field to existing 
aquatrc or soil conditrons It is not clear whether laboratory animals will be exposed to these 
conditrons or whether animals that already live in the ecosystem will be exposed to existing conditions 
The discussion should have been clarlfied and more detail provided The resolution to this issue must 
be pstified and presented within the Phase Ill RFl/RI Report 

The table rdentifies exposure points as air, soil, water, and vegetation, but IdmMes exposure point 
concentration related to soil and sediment, surface water, groundmter, anti mgeQ?tion Ekposure 
pathways are identified as terrestrial and freshwater On page 6-29, terrestrial and aquatic ecosystems 
are identified As an outline for the environmental evaluation, the same terms and topics should haw 
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been used for discussions whlch are related to each other to reduce the pmslbillty of future 
confusion Thls must be resolved and clearly presented within the Phase Ill RFIPI Report 

RESPONSE 

The statement regarding in-situ methods was confuslng The statement now reads that the methods 
will "involve exposing laboratory animals to fiekl (aquatic or sdl) conditions" The terminology in Table 6-1 has 
been changed so that it is consistent throughout the outline 

&&on 6 7 - Environmenta I Evaluation rt 

Sectton 7 in the draft environmental report outline must Inclde Woman Creek In the freshwater 
pathway analyds The Stage 1 field sampling plan may be modified wlth €PA apy~roval 

RESPONSE 

Woman Creek has been added to the freshwater pathway effects characterization in Table 6-1 

Section 6.8 2 2 - Locations fo r PeriDhvton SamD linq 

The text states the absence of periphflon at any location will result In sampling of periphyton at the 
nearest downstream location The methad for detennlnlng the presence or absence of periphyton Is 
not identified and must be clear before conducting the field work It Is unlikely that a visual mvi8w 
of site cwidltions will &equate@ Mentliy the absence of periphyton In any situation other than the 
absence of water The procedure to be used shouM have been Mentifed and must be before 
entering the fieid tf that procedure Is expected to be visud, the text should have stated thls This 
problem must be addressed, resolved and presented within the text of the Phase Ill RFIBI Report 

RESPONSE 

Presence or absence of periphyton on hard substrates can be determined visually without difficulty 
Rocks, gravei and other hard surfaces will simply be examined for the presence of algae and other flota 
Observing and collecting algae from soft sediments is more difficult Vacuum suction devlces wlll be used to 
remove the soft organic surficial sediment layer Material collected will be screened in the field with the 
assistance of field microscopes. In this manner relative algal concentrations can be quickly estimated, and the 
appropriateness of the site for detailed analysis can be quickly determined It is expected that the soft 
substrate of Pond C-2 will support adequate growth of periphyton to allow accurate species quantitation 
Section 6 8 2 2 of the October 1990 Final Phase 111 RFI/RI Work Pian is Section 6 8 4 1 1 in the revised work 
plan 

Section 6 8 4.4 - Macrobe ntha 

The text states that samples Will be placed in plastic jars and reference speclmens preserved 'In a 70 
percent isopropanol solution ' It was not clear whether the samples themselves wlll be preserved 
It is unlike& that use of an alcohol solution that starts at 70 percent wlll be adequate to preserve 
macroinvertebrate samples The final solution should be 70 percent for presenmffon It should also 
be noted that the list of equipment on page 6-45 includes 70 percent ethanol mther than isopropanol 
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The methods and text should have been revised and this issue must be resolved ptior to conducting 
the field work 

RESPONSE 

Only those samples where It is necessary to preserve specimens for future reference war be preserved 
in alcohol Either ethanol or isopropanol can be used as a preservathre, and a 70% solution is of adequate 
strength for this purpose For consistency, reference is only mede to ethanol in the revised text Section 
6 8 4 4 of the October 1990 Final Phase 111 RFI/RI Work Plan is Section 6 8 4 1 2 in the revised work plan 

Section 6.8 4 5 - Fish 

Established criteria to determine the number of passes that deflne 'muldiple' should have been 
presented The taxt should have discussed the specHic number of pesses expected for each loceffon 
This must be ]ustified and presented within the Phase Ill RFl/Rl Report 

RESPONSE 

The revised text (now Section 6 8 4 1 3) is more specific, stating that one or two passes will be made 
through the area 

sectlo n685-Staae Ill 

The text should have srated the expectation for the sampling program to provide the necessery 
amounts of biomass 

RESPONSE 

The text is explicit in deflning the sample mass requirements There is no control over the quantky of 
available biomass for sampling Section 6 8 5 of the October 1990 Final Phase 111 RFI/RI Work Plan is Section 
6 8 4 in the revised work plan 

Data from several 1989 and early 1990 sampling events have not been received by DOE An 
explanation of why data is not available for these samples should have been provlded This data must 
be utilized to develop the Phase 111 RFl/Rl Report 

Soil concentratrons in parts per billion reported for BH13-87 indicate methylene chlorlde concentra- 
tions of 278 and acetone concentrations of 15(JB) On a later page for the same suriicial unit, the 
concentrations are 27 9 methylene chloride and 22 acetone There appears to be a discrepancy in 
the data which should have been explained Detection limits appear to be high and possibly are 
masking low levels of contaminants 

The cover sheet for Appendix 8 groundwater wells refers to OU 2 instead of OU 1 
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RESPONSE 

The referenced samples had not been received by DOE because of protracted turnaround times from 
the laboratories due to the abundance of samples received The data wfll be utilized in preparation of the 
Phase 111 RFI/Ri report 

There is no discrepancy in the data The data cited in this comment are from dtfferent intervals of the 
borehole As noted, detection limits were high for histodeal analyses and this problem wUI be corrected In the 
future by adherence to the GRRASP 

The cover sheet for Append& B (now Append& C) has been corrected as noted 

QUALITY ASSURANCE ADDENDUM COMMENTS 

section 3 I - Data ~&g&@ct iv@ 

Table 1 - Characterize the nature and Went of contamination, item 7, should have addressed the 
extent of surficial radionuclide soil contamination due to reiease from the iHSS not just from wind 
dispersion This table should have been merged with Table 3-1, in the work plan It is not clear why 
this information is repeated in the QAR The text states that only precision and accuracy can be 
expressed in purely quantitative terms of the ftve data quality parameters Completeness is also a 
quantktive evaluation and should have been added to the statement 

RESPONSE 

Table 1 was reproduced from the work plan (Table 34), which is where the site-specific objectives and 
associated data needs should, and are, developed Therefore, any comments that address Site-specific RFI/Ri 
objectives should be included in the work plan review In response to the s e c d  part of this comment, 
Table 1 will be deleted and substituted with reference to the work plan Vable 3-1) for Phase 111 field 
investigation objectives Information presented in the work plans and the site-wide SAP (the QAPjP and SOPS) 
does not need to be reproduced in the QAA The collection of sumClal SOU scrapes and analysis for 
radionudldes will determine the extent of radionucllde contamination from wind dispersion and any released 
from the IHSS 

Completeness is a quantitative measure of data quality and wUi be expressed as such in the QAA. The 
equation for determining completeness is included in Append& A of the QAPjP A goal of 100% completeness 
is established in the QAPjP, however, this is now a requirement Completeness of 90% is required incomplete 
data packages will be reviewed to determine the need for corrective action 

Precision and Accurw 

Any non CLP protocols used must be approved by €PA prior to implementatron Table 2 should have 
given the analytical procedure for ail lypes of analyses 

RESPONSE 

Table 2 has been removed from the QAA The QAA now references Append& B of the QAPjP which 
lists analytical methods, detection limits and DQOs (precision and accuracy objectives) for parameters that will 
be analyzed Table 1 of the QAA lists the analytical methods, detection limits, and precision and accuracy a 
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objectives for parameters that are not listed in Appendix 8 Speclfic analytical methods are listed where non- 0 CLP protoco~s are used 

I 

The entire discussion of the environmental evaluation does not agree wfth that presented In Section 
6 of the Phase I1 RFIPI work plan The inconsistencies Include discussions of timefmmes, sample 
locationsI and discusslons of procedures This document and the work plan should have been 
reviewed side by side, and revised for concurrence As they cunendly e&& Zby do not seem to 
discuss the same program Information on sample locations should have been Included in the field 
sampling pian wlthln the work plan This Issue must be resolved to EPA’s satisfaction prlor to epcKovel 
of this work plan 

RESPONSE 

Section 3 2 of the QAA presents a summary of the types of samples and sampling locations that are 
presented in the work plan The methods of Rekl surveys and sample collecth presented in the QAA are also 
summaries of the methods described in the work plan There are no discrepancies between the QAA and the 
revised work plan 

&tion 3 7 - QuaIrW Control Checks 

Lab contamination has been cited as a likely reason for elevated concentrations of acetone, methylene 
chlorideI phthalate, toluene and other chemicals in the environmental samples Vertficatlon of thls Is 
necessary The outcome of thls analysis could impact the risk assessment Phase Ill RFIBI Report 
and ultrmately the cleanup declsion The means of veming and preventing eny future contamination 
should have been fully described The reference used to detemlne the 30 percent and 40 percent 
relatrve percent dlference for field duplicate samples should have been given The percentages may 
vary with the anat@xl method Field matrix splkes and matrix spike duplicaes are necessary and the 
numbers of each should have been ldentlfied The compounds and the concentrations used to 
prepare the spikes should have been identified Table 4 lists the QC sample collection frequency but 
also should have listed the number of samples to be taken based on the work plan 

RESPONSE 

The GRRASP, which is the analytical services protocol for the RFP ER Program that ail laboratory 
contractors must follow, requires development of internal laboratoty SOPS that are consistent with EPA-CLP 
QC procedures These procedures require the use of laboratory QC checks including the use of laboratory 
spikes and blanks, that are used by laboratories to detect for possiMe contamination The data validation 
guMelines cited in the QAPjP describe assessment procedures that are adhered to by EMAD and laboratory 
subcontractors to determine if laboratory contamination may be occurring A paragraph has been added to 
the QAA regarding laboratory QC 

The ddference between Reid duplicates is a dmerence between the sample and a duplicate of that 
sample and is not an analytical quality check A difference of greater than the acceptable difference review 
specified In the QAPjP to determine if field procedures are being followed ‘ *  
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ta Valkiation 

The QAA lists a number of guidance documents that will be used for data validation A specific set 
of steps should have beenlisted for the data validation process The process for data verlfication 
should have been added to the QAA if dMerent from those in the QAP]P This issue must be 
addressed prior to conducting field work 

RESPONSE 

The documents listed are now included in the QAPjP and are the guldance documents that are used 
by EG&G Rocky Flats and their subcontractom to validate laboratofy data The laboratory valldatlon process 
is illustrated graphlcally in Figure 3-1 of the QAPjP In addition to the steps shown in Figm 3-1, the entire 
sample collection, chain-ofcustody, analysis and data validation and verification process for the ER Program 
has been added to the QAPjP and is illustrated in Figure 8-1 This prooess shall be adhered to for OU No 1 
data Figure 3-1 has been referenced for the validation process In the QAA 

Section 3 9 - Data Reduction. Validetion. and ReDortinp 

The necessary information concerning field data validation is referenced among several documents 
but not detailed in any document Thls sectron states Yield data validation shell be perfomed as 
specHied in Section 3 3 3 2 of the QA Project Plan ' The cited secnon of the site-wide QA Project Plan 
(found on page 23 of the QA Project Plan) notes that field data will be validated on fwo dMerent levels 
The first level of validation involves periadic suweilknce during the sample collection actMty as 
spedfied 'by following Rocky Flats Plant standard operating procedures (SOPS) for data validation ' 
(The second valtdation level involves only a review of the data to ensure correct codes and unh were 
used) The coordination of the work plan with the site-wide QAP]P and SOP is necesmty prior to €PA 
approval of this work plan 

The following example illustrates the conttnuing circular nature of the references imlving field data 
validation A common crlterion used in the VeIMatton of fie@ data is whether an adequate number of 
quality assurance/qualily control (QAflC) samples were taken in the fieM Q m C  m p l e s  include 
field duplicates, equipment rinsates, Mp blanks, field blanks, and mat& splke/mMx spike duplicates 
The appmpflate SOP for thls actlwhy is SOP 1 13 Conteinedzing, presendng, handling, and shlpping 
of soil and water samples ' Sectron 7 0 of SOP 1 13 (QualltyAssurance/QuclrHv Control Samples, page 
78) includes descriptions of the types of QADC samples discussed above However, the frequency 
for collection of these samples is 'specified in the project specific flekl sampling plan (FSP) ' The FSP 
(Sectron 5 0 of the Phase Ill work plan for OU No 7) does not, however, contain any infonatlon 
regarding the frequency of collection of field QA/QC samples Although criterla for validation of field 
data are referenced in this QAA, the site-wide QA Project Plan, the m p l e  storage SOP, and rhe FSP, 
the necessary QA/QC sample frequency information Is missing 

Other items that should have been considered (in the site-wide QA Project Plan, in the QAA, or in the 
FSP) include collection of sufficient sample volume, adherence to proper preservetion techniques, and 
adherence to chain-of-custody procedures Information regarding the frequency of collection of 
QA/QC samples should be appropriately placed in the QA Other i tms related to Widation of field 
data would be most useful as part of the site-wide QA Project Plan or the SOP 

RESPONSE 

Field validation (i e , validation of sampling techniques) is described In Section 3 3 4 2 of the QAPjP and 
indudes the performance methods referenced by the comments The QC procedures that will be followed to 
valuate the field samples are described and referenced (each field sampling SOP lists and describes the 
process for the QC checks that are applicable to that particular type of sampling) In Section 3 3 5 1 of the 

I 
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QAPjP Section 3 7  describes the QC checks for field samples (also described in the QAPjP) that are 
applicable to OU No 1 Table 3 of the QAA lists the "Field QC Sample Collection frequencr for OU No 1 
The SOPs should reference to the work plan QAA for the frequencies of QA/QC samples, as does Table 3-2 
of the QAPjP 

With regard to "other items that should have been considered,' Table 8-1 has been added to the QAPJP, 
which lists sample volumes, appropriate containers, preservation requirements, and holding times Additional 
discussion of sample Identification and chain-of-custody has been added to Section 8 3 The entire sampling, 
sample tracking, validation and analysis process is Illustrated in Figure 8-1 of the QAPjP 

Section 5 0 - Instructions. Procedu res and Draw inus 

New procedures will need approval by €PA 

RESPONSE 

All SOPs and SOP addenda that are used to conduct and/or control ER Program activities will be 
submitted to EPA and CDH for review and approval 

6.0 - Document C m  

Documents relating to the OU 1 IM/lRA should have h e n  added 

These documents have been added to the revised QAA 

action 11 Q 

This discussion of test control requirements did not include specific information on the QAA but 
references the Sitewide QAPjP The Sitewide QAPjP references the QAA and the work planPSP, 
and the work plan/FSP does not contain the cited information test control requirements This must 
be rectified to EPA satisfaction before approval will be granted for this w k  plan 

RESPONSE 

Testing is limited to pump and tmcer tests The QAA now references the appropriate section of the 
work plan and SOPs for these test specifications 
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1.3 RESPONSE TO CDH COMMENTS 

@ COMMENT 

The recurring problem of laboratory contamination of soil samples wlth methylene chlorlde, acetone 
and phthalates needs to be solved If a dMerent laboratory prwedure will correct the problem, submit 
an addendum to the SOP Are all of the samples in an identical test run contaminated with acetone, 
methylene chlonde end phtalates, or just one and a blank? 

RESPONSE 

Methylene chlorMe and acetone are common laboratory solvents pervasrVe In the laboratory 
atmosphere However, laboratory contamination of samples with these constituents can be controlled, eg , 
segregating solvent extraction acthrlties from GC/MS analysis All attempts wlll be made to prevent samples 
from being contaminated in the laboratory so that the quality of the data Is not compromised Soil blanks will 
also be used to ascertain sampling and/or laboratory contamination wlth these solvents as well as wlth 
phthalates (see Sectton 5 1 2 2) Previously collected samples were analyzed using an inappropriately small 
sample size that compounded the laboratory contamination problem These problems have now been 
corrected 

Section 2 1 - 881 H illside Area Previous Investiua tiO!Q 

Where are the results of the geophysical surveys using electromagnetomelry, resistivity, magnetometry 
and metal detection? 

RESPONSE 

The results of the geophysical surveys mentioned is given in Append& B, Volume V of the Phase II Draft 
Final Remedial Investigation Report (Rockwell International 1988a) 

Section 2 2 I 1 - Surficial GeolQgl! 

Does the term ‘artificial fill’ refer to fill brought into the plant from an off-site area or is it anthmgenic, 
manmade material? 

RESPONSE 

The artificial fill is both natural fill generated from the excavation of Building 881 and fill that was placed 
in IHSS 130 from both manmade and natural sources (see Section 1 4 8 Radioactive Site - 800 Area #1) (IHSS 
Ref No 130) The distinction will be made In the revised Final Phase 111 RFI/RI Work Plan 

-4 tion r -  FI t 

The ground-water velocity measured using actual contaminant movement is 11-13 ft,& and the 
calculated ground-water velocity based on geometric mean hjdmulic conducbwly and assumed 
effective porodty is between 1035-3100 f thr  What does this large difference in ground-water velocyI 
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suggest about both techniques used to measure ground-water velocity? What ground-water velocity 
should be used for design and placement of coliection systems? 

RESPONSE 

The Final RFI/RI Work Plan states the rate of organic contaminant movement k less than 11-13 feet/yr 
in colluvium on the 881 Hlldde in the vicinity of IHSS 119 1 This rate is based on organk contaminants in 
ground-water moving less than 200 feet in 15 to 20 years This represenEe an esthnate of organic contaminant 
migration rate, not ground-water flow velocity The solvent contaminants at the 881 HPlskle will not travel at 
the ground-water velocity rate because of volatilkation and adsorption The velocity quoted by the commenter 
represents the hydraulic conductivity of the Woman Creek Valley fill allwium which is not equal to the ground- 
water velocity Ground-water velocity or average linear velocity is a function of the hydraulic conductivity, 
volumetric porosity, and hydraulic gradient The ground-water flow velocity for the Woman Creek valley fill 
ranges from 167 to 652 ft/yr 

Typogmphicai ermr in 'occurrence of tritium above beckground in wells 52-87 and 69-87 ' Well 60-87 
should be 69-86 

RESPONSE 

This has been corrected in the revised Final Phase 111 RFI/RI Work Plan c 
section 2 3 5 - Sediments (QQ&@@ 

A sedrment sample map should be provided to aid review of the laboratory sediment findings 

RESPONSE 

This map has been provided in the revised Final Phase 111 RFI/RI Work Plan (Figure 2-21) 

-w T Reaui rements @a 2-831 

At the recent conference of 'Remediation of Radioactlve/lwhted Waste Sites' in Scottsdale, AZ, Dr 
Gloria Patton, and Dr James Epler with the USDOE Oifice of Technology Development, Office of 
Environmental Restoration and Waste Management presented several innovative technologies dealing 
with radioactive/mixed waste which are under study for use at various DOE facilities One of the 
technoiogies, which has been studied at Rocky Flats by Jack Blakslee, involves fenate ions (Fe") to 
complex radionuclides The trade name of this process is TRU-CLEAR All of the innovative 
technologies dealing with radioactive/mixed waste currentty under review by DOE should be included 
in the remedial technology assessment 

' C  
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RESPONSE 

The ferrate process was evaluated for the 881 Hillside FS, and will be reevaluated for the OU 1 
CMS/FS The Rocky Flats Plant will participate in the DOE Office of Technology Development Integrated 
demonstrations and the EPA Superfund Innovative Technology Evaluation program 

Table 3-1 - Phase Ill RFl/RI Obi W e s  and Activioes @Y 3 -4) 

Identification of the source of the plutonium in sediment and sudce water in Woman Creek should 
be included on this table of objectwest under 'Characterize the Nature and Extent of Contamination ' 

RESPONSE 

This point has been included as objective 5 in Table 3-1 under "Characterize the Nature and Extent of 
Contamination" in the revised Final Phase 111 RFI/RI Work Plan 

section 4 13  - Task 3 Field Investiggtion (&I 4-31 

Section 1 4 3 IHSS Ref No 104 states that there were 'emply drums' disposed of in IHSS 104 A 
sutvey to verify the location and presence or absence of the drums should be included in the list of 
Field Investigational Acthities 

RESPONSE 

 append^ B, Volume V of the Phase II RI Report presents the results of several geophyslcal suweys 
performed on the 881 Hillside in 1987 (Rockwell International, 1988a) Figure 2 of the report shows no 
magnetic anomalies in the vicinity of IHSS 104 Therefore, it is concluded that the empty drums no longer exist 
in the vicinity of IHSS 104 and no further geophysical surveys are deemed necessary 

Section 4 1 6 - Task 6 Base line Risk Assess rnent 

A complete literature search including DOE studies of the effects of indMdual and combinations of 
contaminants of concm should be done prior to entering the field to collect specimens Have similar 
risk assessments been performed at the Oak Ridge and Hanford DOE facilities? 

RESPONSE 

It is assumed that the commenter is referring to the environmental evaluation as this activity will involve 
field sampling and cdiectton of specimens As described in Section 6 0, the Rrst phase of the environmental 
evaluation is to conduct a thorough literature search that includes review of documents pertaining to the Rocky 
Flats Plant as well as documents relating to other DOE facilities that are germane to this investigation 
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RESPONSE 

, 8  Table 4-2 has been deleted in the revised Flnal Phase 111 RFi/RI Work Plan because it is not necessary, 
at this time, to define (and possibly limit) the scope of treatability studies for Operable Unit No 1 Specific 
plans will be prepared for treatabNity studies specific to OU No 1 

SecHon 5 3.1 - Borehole L- 5-371 

On Iwo dMemnt occasions during 881 inspections of the borehole drilling, 'DMson' personnel were 
infomed by Greg Litus that there had been several toluene hits of unknown Mgin What are the 
results of the lab tests and DOES conclusions about the source and extent of the toluene? We were 
also informed that some of the boreholes were redriled because t f r e  first boreholes caved in during 
the 881 construction shutdown whiie air monitors were instaled 

RESPONSE 

it has been hypothesized that Coherex is the source of the toluene observed during the French Drain 
Geotechnical investigation Coherex has been used as a dust suppressent/sdl staMfiter both bsbe and 
during the Phase II Ri fieM activities of 1986 and 1987 The Material Safety Data Sheet (MSDS) for Coherex 
does not discuss toluene as a component but mentions petrdeum distillates as a major constituent, so tduene 
may be a product of degradation Tduene may also have been used as a thinning agent to reduce the 
viscoslty of the Coherex before application Several proposed tests to confirm Coherex as the tduene source 
are being discussed In addition, four boreholes will be drilled and sampled to evaluate the extent of the toluene 
contamination downgradientsf the 881 Hillside as discussed In Section 5 0 of the revised Final Phase 111 RFI/RI 

I 

tion 6 1.2 - 881 Hillskle Contam ination (tm 6-a 
The radionuclides iisthg under Groundwater should include plutonium 

RESPONSE 

Plutonium has been added to the list of contaminants 

section 6 12 - 
Copper, mercury, tin, cobalt and nickel act as biocides to 'certain species' at low concentrations Are 
any of the 'certain species' present at Rocky Flats? If so, please identi& them 

Before actual field sampling is done, It would be worthwhjle to /dent& four parameters for each 
species to be mmpied 

1) /dent& the contaminant to be studied 

2) identi& an appropriate group of receptors which suffer some documented quantlflable 
detrimental effects from exposure to the conterninant chosen 

3) Pick a specific species from the Iisf of receptors which isknown to &st at Rocky Flats 
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4) Have an expedmntal laboratory procedure in place ready to receive specimens and measure 
the deiebrious effects of the identified contaminant 

If no receptor which mists at Rocky Fiats Plant can be identified and &/bits documented quanweble 
detrimental effects from -sure to the contaminants in qwtlon, then risk assessments will have to 
be made from the best available data found from axtensive wellclocumented literature search It is 
unacceptable to conduct experimental research for a risk assessment wifhout the above parameters 

RESPONSE 

Section 6 1 2 discusses the potential impact of metals on Mota when present in sufficient concentra- 
tions The study will show i f  any species affected by low concentretlons of these metals are present on-site 
The approach described by the commenter is not different than that proposed in seetlon 6 0 All potential 
receptors will be identified, and testing will be performed to determine any detrimental effects due to exposure 
to site contaminants If detrimental effects are not found, it wlll not be necegsary to perfom a literature search 
to complete the risk assesmmt In fact, the literature search Q the first phme d the emrironmental evaluation 
that focuses subsequent sampling and testing efforts 

&tion 6 3 5 1 - Veaetat io4 

Are any of the species of grasses or wetlands vegetation listed in this section known to be sensMve 
to or suffer measurable detrimental effects on exposure to the contaminants present at Rocky Fiats? 

RESPONSE 

This will be determined during the environmental evaluation None are known at this point Sectlon a 6 3 5 1 of the October 1990 Final Phase 111 RFI/Ri Work Plan is Section 6 8 4 2 1 In the revised work plan 

tion 6.8.4.5 - Fi& 

Does any historlcal data exist on the fish populations in Woman Creek? What is to be gained by doing 
populatlon studies on the fish present& in Women Creek It there is no background or historical data 
to compare it to? How many of the fish we likely to be killed? The procedure makes no mentlon of 
whether or not the fish wiil be returned to the waters of Woman Creek We do not recommend that 
fish studies or any other ecological studies on plants and anlmals be conducted without a well 
designed experimental and laboratoty procedure in place before any sampiing is done 

RESPONSE 

Previous studies have been performed on fish, and are Mentifled in the Radioecology and Airborne 
Pathway Summary Report Regardless of previous studies, the proposed environmental evaluation caHs for 
use of reference areas for comparative analysis It is difficult to predict at this time how many fish will be kWled 
If the commenter believes the proposed ecological study plan is not well designed, It will be necessary to 
receive more specific comments in order to fmher discuss any perceived shortcomings Section 6 8 4 5 of 
the October 1990 Final Phase 111 RFI/RI Work Plan Is Section 6 8 4 1 3 In the revised work plan 
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QUAUTY ASSURANCE ADDENDUM COMlrilpNTS 

There are @or portrons of the QA plan mfsslirg entire& ancl many others Mtkh am imWWtlibte, 
The final vmion of the Quality Assume Prqkct Plan for the Intdrn RemediatAc&n gperebkrUnk 
1, Phase i-A, did an adequete iob fdr the consb’uctim, a k i l l ~  end dt mmimirrg adbit&a Wick 

Phase Id for drilling and air mionitarinfng actMdies ShdWJd be IMed in its rnnllh tqprqWa& 
revisions IMd included in the Phass#l RlflFt OarCJHy Aswmrm, sines. addit#wml d#lling ac#r#es, 
boreholes and soil amplings and air r n m f m ~  am c d n W  %c##es in Phem Ill 

Phase I-A COW& All Of the ~ ~ M B  parts Of the M Version QuairHy Aaswdnce P h  

Section 1 2 Obieetives lists nine rc#dties to be perfosmed as pw$ of the i d - n  Flve of 
the nine activities do not have any pm@ct PJens, m or paw afbrcohenw7t lMgtMnW nfWrM 
does not conswute a proiect plan for petfmance ofaquatic and WmUrial H e M  swv~ys fa- dMBlllple 

Each of the nine acfivlties should have a @I PmjW PltM (885ocELlted with It 

Drill and sample soils and wstw within tHSSs 
M4w portions of the QA Phase I-A iM/M projecf prcvl for drilltng: W be ad- with 
appupriate revisions, and deletions for cwampl$ r&#xws to the &en& drekr ilne 

I 

lnstall and sample grmtnj-mter mon&od?tg welk 
Again the format for ddllhg boFeholes can be adj- for instafilsblcar of @bcmd-m#w 
monftpring wells 

Determine sediment composhon end quality, p i n  sizes enct“tcmF oganlc uwbm 
The sole reference to sediment smnpling consists of two whole lines on piitge 2l4 an@ a IIW 
of three sediment stations to tm sempled Where 1s. ttre project piRsr”lbr detemrinaaion af 
sediment composition, quaiity, gmh &.mend totsl orgscnic mbon? 

Petform aquifer tests and gmtechnical tests 
We were unable to locate a s i ~ m f w e n c e  io tinme eetMtles in the QA Wtm#aqu&r and 
geotechnical tests are to be perlbnned st 88V What sit& Mar-the#qB#w and gedWhk& 

4 & m W b e  
inciuded in the QA Phase Ill RIpF I 

tests to be pelformed on? what pieces of kdaKmriJorr a r r w  Mbs gEinwm ltm 
aquifer and geotechnical tests? A prwt phm &r &qWr BayT 

Assess air quality 
The project pian for assessment of air quality can he taken with few modffWtWS Wm the 
Fiirral Version Phase I-A i M ,  

Perform aquatic and terreswBl MI surveys 
Ns is the most incoherent ili designed project plsn in the QA. What spcies ere bdng 
sampied? How are they Wng swum? What are they being sampled for? tS thwe a 
laboratory protocol in place & meeke the samples? Ti- samps‘es c ~ n i ~ ~ o t  be umsd h 8hg 
same manner as soil and rocJt samples The mt plan far aquatrc aflcl tem&&i& fkpdd 
survey must be rewilten 

Collect surface water and sdmen€ sdmpies 
An eight line reference to smtac8 water SBmplinO IaCatiOns does not comdiute 8 p@ecFpk# 
for surface water sampling The puject plan for cdlection af s6dinWnt cwki be 
lncluded in the third activity polect plen The absemce of a &ce wttter prqlect piart 108Bd8 
to be addressed 
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8) Collect and amlpe terrestrial and aquatrc vegetation and anlmals 
One project plan could conceivably c o w  actMties s&, eight and nine If sclentmc 
substantiated documented lhemture searches cannot ldeJltnL a plant or mime1 species lhdng 
at Rocky Flats with a quantifiable biomarker, or other measurable indicator of contamimt 
effects, then a baseline rlsk assessment should be performed using Wmnmenfal W e n c e  
gathered from other &dies of both real life data and aperlmenld studies of contaminants 
done in academic settings 

9) Perform toxicHy tests to mmsure the effects of contaminated environmentel media on 
representahhe species 
We are unable to find a single reference to any Wchy test In the QA The project plan for 
toXC& testS Should Include Species, teSt, and IabOratOry procedures 

The SOP reference chart samhviched in the middle of the environmental Bpmlu&n does not have any 
key associated with it What do the black dots indicate? 

RESPONSE 

The quality assurance program for Rocky Flats Plant consists of a slte-wide Sampling and Analysis Plan 
(SAP), which is comprised of the site-wide QAPjP and Standard Operatjng Procedures (SOPs), and 
supplemental OU-specific Quality Assurance Addenda (QAA), and where necessary, SOP Addenda These 
Addenda provide the additional QA/QC and procedural detail specifk to a particular OU that w s  unable to 
be addressed in the site-wide SAP The Addenda also provide documenbtion for any differences belween the 
site-wide QA Program and the OU-specific QA/QC requirements 

The first drafl of the site-wide QAPjP, for which the OU No 1 QAA supplements, was submllted to the 
EPA and CDH for review and comment That draft QAPjP has since been revised based on the comments 
received from €PA and CDH The revised draft of the sfte-wkle QAPjP now contains additional information 
regarding analytical methods and respective DQOs, sample identification and tracking, data verfficatlon and 
validation, and field sampling and laboratory QA/QC 

a 
As a result of the reVrsim to the site-wide QAPjP, some of the information contained in the subject 

QAPjP address several of the subject QAA revlew comments, particularly those dealing wlth coordinatlon 
between SAP, work plans, and OU QAAs 

, QA4 and future QAAs will be deleted and substituted with references to the QAPjP The revisionS made to the 

The QAPjP for interim remedial actions at OU No 1 was developed because the site-wide QAPJP had 
not yet been developed for the ER Program That QAPjP was specific to interim remedial actions at OU No 1 
only The QA Project Pian development suggested by the reviewer is contraty to previous discussions EG&G 
Rocky Fiats has had with €PA and CDH regarding this issue The FSP/WPs and field activity SOPs provide 
instructions and controls for the various RI/FS field activities The SOPs address each of the nine activities 
listed The SOPs address the various field activities and the GRRASP establishes the analytkal protocol for 
the ER Program 

The SOP Table addresses 'Field Activities and ApplicaMe SOPs ' Since not all SOPs are applicable 
to each fieid activity, the Mack dots Mer applicability 

The work plan states that the €E will be a three-phased program Phase i will involve a site visit and 
planning which wiii result in a detailed field sampling strategy which will be approved by EG&G prior to 
sampling as specified in the QAPjP 
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